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THE APPLICATION OF A THERMIONIC AMPLIFIER 
TO THE PHOTOMETRY OF STARS 
By ALBERT E. WHITFORD 
ABSTRACT 

A thermionic amplifier employing the FP-54 Pliotron tube for amplification of photo- 
electric currents in stellar photometry is described. A marked improvement in stability 
has been attained by evacuating the space around the photo-electric cell and amplifier 
tube. 

The /east current which can be detected is approximately 1.1 X 10—' amp., which cor- 
responds to the light-effect from a star of magnitude 14.3 at the focus of the 15-inch 
refractor, using a potassium-hydride cell by Jacob Kunz. As the amplification factor 
is about 2,200,000, such currents can be measured with a galvanometer. y 

It is possible to observe stars of magnitude 9.0 with a probable error of not over 
+0.03 mag. for one deflection, and brighter stars with greater precision. Preliminary 
results for W Ursae Majoris and e Lyrae, obtained by Messrs. Stebbins and Huffer, 
with the 15-inch telescope of the Washburn Observatory, are included to show the pos- 
sibilities of the instrument. 

Although the use of vacuum-tube amplifiers has often been sug- 
gested as offering great possibilities in the detection and measure- 
ment of feeble photo-electric currents, and though indeed such am- 
plifiers are much used in technical and commercial applications of 
the photo-electric cell, nevertheless the use of electrometers has been 
almost universal for currents of the order of to " amp. or smaller. 
The reason for many of the difficulties previously encountered was 
the rather low grid-to-filament resistance of the vacuum tubes avail- 
able (10°— 10° ohms). G. F. Metcalf and B. J. Thomson,’ working 
in the Research Laboratory of the General Electric Company, made 
a systematic study of the sources of the current to the control grid 


1 Physical Review, 36, 1489, 1930. 
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of a vacuum tube and methods of reducing or eliminating them. As 
a result a new tube known as the FP-54 Pliotron was developed es- 
pecially for amplification of small direct currents. While this tube is 
an immense improvement over what was available previously, never- 
theless many workers have been troubled with certain fluctuations 
in the plate current which prevented them from reaching the highest 
sensitivities. 

Experiments on the amplification of photo-electric currents have 
been carried on at the Washburn Observatory for the last four years; 
in 1928-1930 by J. C. Cavender, in 1930-1931 by R. P. Winch, and 
in 1931-1932 by the writer. The FP-54 tube was first available to 
us in 1930, and in January, 1931, Dr. Stebbins took the photo- 
electric photometer to Schenectady, and for a week carried on com- 
parative tests with Mr. B. J. Thompson and other members of the 
staff of the Research Laboratory, who cordially co-operated in this 
work. Despite these joint efforts, the combination of cell and elec- 
trometer was still better than the amplifier at that time. Neverthe- 
less there were good results from this experience, for various im- 
provements were transferred to the installation at Madison, and the 
sensitivity and precision here were brought up to about the same 
standard as at Schenectady. The progress during the past year has 
been based upon what went before, and it is believed that the present 
status of the work warrants a report of the findings and results to 
date. 

The circuit used is shown in Figure 1. It is substantially the same 
as DuBridge’s one-tube circuit." As will be presently explained, 
bridge-type circuits employing two tubes as recommended by 
DuBridge were found to offer no advantage, and gave only half the 
voltage sensitivity of a one-tube circuit. 

With the cell dark, the resistance R, is adjusted until the gal- 
vanometer reads zero. When the cell is illuminated, a current flows 
through R, which has a value of 10'°-10"' ohms. The “IR drop” 
through this resistance lowers the potential of the control grid and 
thereby decreases the flow of electrons to the plate. The galvanom- 
eter then reads the change in plate current. The auxiliary circuit 
containing B, and the millivoltmeter is used to test the sensitivity 


' Thid., 37, 392, 1931. 
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of the tube to changes in grid potential. Then if R, is known, the 
photo-electric current in amperes can be computed. In stellar pho- 
tometry this of course need not be known, as a comparison of gal- 
vanometer deflections for two stars serves to determine their rela- 
tive brightness. In practice it was found that there are usually 
troublesome fluctuations in the plate current which show up as rapid 
erratic changes of zero when any but a low sensitivity galvanometer 
is used. A systematic search for the cause of this unsteadiness was 
undertaken. 
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Fic. 1.—Circuit diagram of thermionic amplifier 


All the potentials for operating the tube come from two large 6- 
volt storage batteries which are inherently steadier than dry cells. 
DuBridge suggested that changes in battery potentials were the 
reason the one-tube circuit here described was unstable at high sen- 
sitivities, and advocated a two-tube balanced circuit where such 
changes are compensated. A series of tests showed that a change of 
potential of 10°$ volt on any of the tube electrodes would cause de- 
flections of less than 1 mm. A sensitive Tinsley potentiometer capa- 
ble of detecting 10 ° volt showed that there were certainly no sudden 
changes of potential of as much as to § volt, although there were 
slow steady drifts as the batteries discharged. 
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It was a noteworthy fact that with R, shorted out by closing S,, 
the plate current was very steady. This seemed to indicate that the 
variations in plate current were due to changes in the control-grid 
potential which could not take place when the control grid was 
grounded through a negligible resistance. These potential changes 
were possibly due to ions caused by cosmic radiation settling on the 
sensitive lead and changing its potential before the charge could 
leak off to ground. 

It has been the practice to evacuate the case and current lead of 
the Hoffman electrometer to eliminate disturbances due to cosmic 
ions. Consequently the amplifier tube, high resistance, and photo- 
electric cell were mounted in a vacuum container. The result was a 
reduction of at least tenfold in the fluctuations. This improvement 
was suggested by the increased stability attained by Dr. Wahlin of 
the Department of Physics when he screened the sensitive grid lead 
and high resistance by imbedding them in a brass tube filled with 
ceresin wax.’ 

The effect of evacuation is shown in the accompanying tabula- 
tion, with a voltage sensitivity of 74,000 mm/volt and with the 
photo-cell battery connected. The cause of the remaining fluctua- 


MEAN FLUCTUATION IN 10 SECONDS 


R, shorted, same for all pressures.............. + 0.6mm 
R,=8.8X 10" ohms, atmospheric pressure... .. . +252 
R,=8.8X 10" ohms, 1o-? mm //g pressure...... + 0.9 


tions is not known with certainty. There is apparently some un- 
evenness in the filament emission, as shown by the readings with R, 
shorted, possibly due to the way in which the thorium diffuses out 
of the body of the filament. The somewhat larger fluctuations ob- 
served with a high value of R, are believed not to be due to self- 
amplification of the uneven filament emission made possible by the 
high resistance between the control grid and ground, because sudden 
artificial changes in plate and filament potential had the same effect 
whether R, was in the circuit or not. 

«L. R. Hafstad reported at the Washington meeting of the American Physical So- 
ciety in April, 1932, that he had obtained greatly improved operation from the FP-54 
Pliotron tube by mounting it in a vacuum; and it may be that others have also noted the 


same. 
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Typical constants of the circuit, including some already given, 
may be summarized as shown in the accompanying tabulation. 


Galvanometer sensitivity.................. 2.6X10—-" amp./mm at 3 m 
I i585 S558 6'8 Sine n eR SKS 8.8X 10” ohms 
Cs, eee 95,000 mm/volt 

CIE MII os akas 55 cA eases ws cuaats 1.2X10~% amp./mm 
Cursemt arnpCntet,.. ..... . osc oc osc ckus 2, 200,000 


There are two obvious ways of increasing the overall sensitivity 
of an amplifier such as the one here described. A more sensitive 
galvanometer may be used in the plate circuit, or the high resistance 
R, may be increased. The use of a more sensitive galvanometer en- 
counters the difficulty of magnifying both the fluctuation and the 
deflection in about the same ratio. If a long-period overdamped gal- 
vanometer is used, a slight improvement is possible because some 
of the fluctuations are damped out. 

The resistance R, can be increased considerably and still be small 
compared with the grid resistance of the tube. The disadvantage is 
that the electrical period of the circuit is made inconveniently long. 
The photo-electric cell and the elements of the Pliotron acting as 
condensers must discharge through the high resistance when the 
light is turned on the cell. When R, has a value of 8.8 X10" ohms, 
the highest value ordinarily used, the time for a deflection is about 
20 seconds. Some experiments with higher resistances indicate that 
the fluctuations do not increase very much as the resistance in- 
creases. In a particular instance, R, was made 5.2 X 10" ohms, and a 
Leeds and Northrup type HS galvanometer giving a voltage sen- 
sitivity of 230,000 mm/volt was used. This meant a current sensi- 
tivity of 8.4107 amp./mm. The period was about 2 minutes and 
the average deviation from the mean deflection was about 3 mm. As 
long a period as this is undesirable, not only on account of the great 
reduction in the number of observations possible in a given time, but 
also on account of the variability of the sky and the possibility of 
other changeable factors in the apparatus. 

Metcalf! has suggested a plan for neutralizing the capacity of the 
grid circuit of the Pliotron tube, and progress toward usable higher 
sensitivities very probably lies in this direction. 


™ Physical Review, 39, 745, 1932. 








218 ALBERT E. WHITFORD 


The present form of the apparatus as now mounted on the tele- 
scope is shown in Plate XIV. The vacuum chamber isa brass cylinder 
8? inches inside diameter and 12 inches long. All the internal parts 
are mounted on a brass plate, 12 inches in diameter and 3 inch thick, 
which closes the lower end of the cylinder, the vacuum seal being 
made with a rubber gasket. When this has been slipped into the 
cylinder, the photo-electric cell is in the upper compartment and re- 
ceives light from the star through a glass window in the upper end- 
plate. The partition which divides the cell from the amplifier tube 
must be light proof in order to exclude light from the filament. The 
translucent amber plugs which insulate the wire to the amplifier are 
covered with caps, blackened inside. The lower compartment con- 
tains the amplifier tube, two high resistances in series, and an amber 
insulated grounding switch. There is sufficient space for a second 
amplifier tube in the container, should it prove desirable to use two 
tubes. The resistances were secured from the S. S. White Dental 
Manufacturing Company; those used at present have values of 
1.4X10' and 7.410" ohms. The switch is operated by a cam 
turned by a conical ground joint in the base, and makes it possible 
to use the lower resistance, both resistances in series, or to short 
them out completely. The five connections to the amplifier tube and 
photo-cell are brought out through the base in hard rubber bushings, 
made vacuum tight by impregnating with a rosin-beeswax com- 
pound. 

The container is evacuated by a Hyvac oil pump each night as a 
precaution just before use, but there is very little leakage. A vacuum 
of the order of to-? mm of mercury is attained. 

The wires are led in shielded covering from the eye-end up the 
side of the main tube of the telescope over the polar axis and down 
to the galvanometer and control. The galvanometer is mounted on 
the north side of the column, while the lamp and scale and control 
panel are placed on a table 2 m or more to the north. This arrange- 
ment is convenient for the observers and interferes very little with 
the operation of the telescope. 

The following paragraphs on the results attained in actual use 
were written by Dr. Stebbins. 





























PLATE XIV 














PHOTO-ELECTRIC PHOTOMETER WITH THERMIONIC AMPLIFIER 
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The first actual measures of a star with the amplifying device 
were made simply by pointing the instrument out of a north window 
at the pole star. A tube about 18 inches long with a 1-inch hole at 
the upper end served to cut down the area of sky included, and the 
cell, also with an effective diameter of 1 inch, was exposed to Polaris 
with only the plane glass window of the exhausted container inter- 
vening. As measurable deflections were secured on this star of photo- 
electric magnitude about 2.5, the change from 1 to 15-inch aperture 
would mean an increase of 6 mag., or to magnitude 8.5. 

When the attachment to the telescope was made, no unforeseen 
difficulties arose, and after preliminary tests it was possible to begin 
regular observations on the second night. It was decided to take 
measures on some rapidly changing star, one whose variations could 
be studied to some extent on a single night, so that if the apparatus 
should have to be dismantled the whole series would not go for 
naught. Such a star is W Ursae Majoris, the well-known typical 
variable of its class. The period of light-change, due to ellipsoidal 
figure as well as to eclipses of the components, is about 8 hours, or 
0.3336 day. The visual magnitude varies approximately from 7.9 
to 8.5, which for a yellow star corresponds to a photo-electric range 
of 8.3-8.9. W Ursae Majoris is therefore quite out of reach of .the 
photometer used previously on the 15-inch, but is easily ‘measurable 
with the amplifier. 

A sample of the readings is given in Tables I and Ia and the obser- 
vations on this star to date are shown in Figure 2. The graph contains 
all sorts of measures, both good and poor, and the precision is not 
equal to that heretofore attained for brighter stars. Nevertheless, 
the main features of the variation are shown, and in particular the 
two minima are unequal in depth—a fact which was detected on the 
first night with the amplifier, though it has escaped both visual and 
photographic observers since the variability was discovered nearly 
thirty years ago. Incidentally, the component which is eclipsed at 
the fainter minimum is the more massive one, as shown by the spec- 
troscopic results of Adams and Joy.t Although the maxima are prob- 
ably equal, one of them is now unobservable before the star gets too 


* Mount Wilson Contributions, 8, 358, 1918. 
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low in the west, and we shall have to wait until next season before 
deriving definitive elements for the system. 

The average deviation of a single deflection in the tables is 
+4.5 mm, or +1.6 per cent for W and +3 per cent for a, which is 
not over 4-02.03 mag. for these stars averaging magnitude 8.5. For 
fainter objects the errors grow larger relatively but smaller in abso- 


TABLE I 
MEASURES OF W UrSAE Magjoris, APRIL 12, 1932 
(Comparison with star a= H.D. 83963, photo-electric magnitude 8.9; 
scale at 3 m; sensitivity, 95,000 mm/Vvolt; readings every 20 sec. 
for zero and full deflection) 








] & l 


Sidereal time.............] 12"©8™ | r2br™ | r2hr5™ | r2ha3m | y2hazm | yohygm 
6 8 an goinnie 0's eee wea eee a | Sky 
J ae a! ae | 149 | 291 | 147 | 22.5 
|} 154 | 284 | 147 | ayn | «6n6r | 626s 
J... | 278 | 143 | 7. re i Bes 
aes soe 275 | 157 | 276 | | eae 
a Pe ae =— — oe } mee = a 
NMOSR RE. cst oe as 150 | 280 152 | 270. | 20.2 
SBE Dior eet Sates eae ee ioe 20 (| 20 | 20 20 | 
Gorrected id... ...s. ..: T30 | 260 | 132 259 ‘| 
MMC Moen nat «oye Ronee Senta eared 3) aang 2-127 7G Sa eee 
PRN es ann ie cas ce gia 0.301 C7202 Vers cece es 
| Sa aE Ray aoe O.75 0.73 





TABLE Ia 


MEASURES OF SKy, APRIL 12, 1932 








Sidereal time... rohs2m | rrh3gm | 12°19” 1330™ 14h30™ 14h5o™ 15>28™ 
Deflection...... o.7 | sc. | M0 | 62 | 3256 | 78 6.5 


Average deviation} +09 | +0.2] +1.8| +2.1] +1.3 to ein) Ay, 


| 





lute amount. As an illustration of this we may consider the deflec- 
tions from the sky on the same night. The sky was measured through 
a circular diaphragm 2.64 mm or 88 seconds of arc in diameter at 
the focus of the refractor. The deflections ranging from 21.7 to 6.5 
mm show the decreasing effect of the moon, age six days, as it ap- 
proached the horizon and set at 155o1m. The corresponding change 
in equivalent magnitude was from 10.9 to 12.2. It may be noted that 
the magnitude 12.2 for the area of 6120 sq. sec. reduces to magnitude 
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21.7 per square second of arc, in good agreement with other measures 
of the dark non-galactic sky at Madison and elsewhere. 

From the residuals of the measures on the sky in Table Ia the 
probable error of one deflection is + 1.5 mm, and from the constants 
on the night it is found that 1 mm corresponds to magnitude 14.2, 
also to 1.210 amp. Therefore if we call the probable error of 
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Fic. 2.—Light-curve of W Ursae Majoris. The abscissae are expressed in decimals 


of the period. 


the mean of 3 deflections as the limit of detection for faint lights 
and small currents, this limit comes out as follows: 

Probable error of mean of 3 deflections = +0.9 mm = magnitude 14.3 = 
I.IX10 amp. 

These are not selected readings; we have better ones. They are 
typical of the sensitivity secured within the first week after the am- 
plifier was installed on the telescope. The working limit for accurate 
measures of stars may be put tentatively at magnitude 9.0 as against 
magnitude 7.5 with the former combination of cell and Lindemann 
electrometer. Needless to say, this gain of 1.5 mag., a fourfold in- 
crease in sensitivity, has opened up for our telescope a field of work 
hitherto quite inaccessible. 

The sensitivity of the potassium-hydride cell by Kunz may be ex- 
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pressed in conventional units as follows: The visual stellar magni- 
tude of a standard candle at 1 km is 0.8, the diameter of the tele- 
scope objective is 40 cm. Hence the current of 1.210~' amp. for 
magnitude 14.2 is equivalent to 220 micro-amp./lumen, where the 
lumen would be considered as having the color of an Ao star. This 
cell has not been tested with a laboratory standard. 

Another advantage of the new device is that by reducing the sen- 
sitivity of the galvanometer and cutting down the voltage on the 
cell, the circuit can be stabilized and the precision of measures of 
relatively bright stars can be considerably increased. As a test of 
this, the components of the well-known double-double star € Lyrae 
were measured on several nights. This star has recently been ob- 
served by E. A. Fath," who suspected a variation of very short period 
in one or both of the components ¢' and e&. The Harvard visual 
magnitudes are 4.68 for e' and 4.50 for &. For our measures the 
galvanometer was shunted to 1/r1o sensitivity, and the voltage on 
the cell was reduced from 250 to 180 volts. The best of several series 
are shown in the accompanying tabulation. During this run the 


Time e>e Residual 

ao er ...| oMo6s5 | —oMoo4 
13 ee 068 | — .oor 
i meer s07% | + (002 
MR eh eras | .070 | + .oor 
ae mpocunes aod 005 —- ,004 
eee 064 | — .005 
DOO onic ce 072 | + .003 
7 oe .072 | + .003 
Benen < ots 005 L = 4 
ae See cep - @Opb74 +0 .005 
Mean... : 0.009 + 0.003 


probable error of a single deflection was +0.3 per cent, or +0.003 
mag., and the limit of precision under such conditions is fixed by the 
quality of the sky. Neither on this night nor on any other was it 
possible to establish a relative variation of the components of ¢ Lyrae 
of as much as a hundredth of a magnitude. Additional measures will 
be taken before a final conclusion is reached. 


* Popular Astronomy, 40, 88, 1932. 
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The foregoing samples of observations with the amplifier taken 
during the first weeks of operation indicate that this device repre- 
sents a real step forward in the use of photo-electric cells in stellar 
photometry. Besides the increase of sensitivity, there is the com- 
plete elimination of many of the troubles that beset an electrostatic 
set-up. The evacuation of the space around the cell and tube simply 
does away with the troubles from moist air and defective insulation 
which are often arising. Moreover, there are certain advantages in 
measuring deflections rather than rates of c’iarge. Any small dark 
current of the cell shows up as a displacement of the galvanometer, 
which is balanced out, whereas with the electrometer, using the rate- 
of-charge method, additional measures have always to be taken and 
corrections applied for any outstanding dark currents. At present 
the observations with the amplifier proceed apparently about half 
as fast as with the electrometer, but considering effective precision 
and sensitivity, the advantage is all with the new instrument. We 
have therefore put the electrometer on the shelf, for a time at least, 
and are devoting our energies to learning the possibilities of what 
may be called a radio set on the end of a telescope. 


I am indebted to Dr. Joel Stebbins who suggested and encouraged 
this investigation, also both to him and to Dr. C. M. Huffer who 
have tested the amplifier under practical conditions of observation. 
I am likewise grateful to Dr. H. B. Wahlin and to other members of 
the staff of the Department of Physics for their interest and helpful 
suggestions. The work has been supported in past years by grants 
from the Research Committee of the University of Wisconsin, also 
from the California Institute of Technology, the latter in connec- 
tion with the development of new methods for use with the 200- 
inch reflector. 

WASHBURN OBSERVATORY 
UNIVERSITY OF WISCONSIN 
May 1932 











SPECTRAL TYPES OF FAINT STARS IN KAPTEYN’S 
SELECTED AREAS 1-115" 
By MILTON L. HUMASON 


ABSTRACT 

Spectral types have been determined for 4066 stars in the first 115 Areas of Kap- 
teyn’s systematic ‘‘Plan of Selected Areas.” 

_The results are given in Tables If and III and in the form of frequency diagrams: 
(a) for each spectral class in all galactic latitudes together, (b) for each spectral class in 
three zones of galactic latitude, and (c) for each spectral division in different intervals 
of photographic magnitude and galactic latitude. 

The maximum frequency among stars of photographic magnitudes 11.0-13.3 + was 
found in division G (I'4-G4). The numbers of G stars increase with increasing photo- 
graphic magnitude and galactic latitude. In low galactic latitudes (o°-12°) high fre- 
quencies are observed in division A among stars brighter than 9.5. Class B stars are 
concentrated in the region of Selected Area 98, which includes 44 per cent of all the B 
stars observed. 

In high galactic latitudes, 68 per cent of the stars of photographic magnitude 12.5 
are in division G. The large majority of these stars are probably dwarfs at distances 
of 500 parsecs or less. 

One part of the systematic ‘Plan of Selected Areas” as proposed 
by Kapteyn in 1906 was the observation of the spectral classes of 
stars down to as faint a limit as possible.? Spectra of stars brighter 
than visual magnitude 8.5 are classified in the Henry Draper Cata- 
logue. The fainter stars are being observed by Dr. A. Schwassmann 
of the Hamburg Observatory at Bergedorf, who is classifying spectra 
of stars between 8.5 and 11.0 photographic,’ and in 1922 the Mount 
Wilson Observatory agreed to classify the spectra of 10 or more stars 
in each Area fainter than photographic magnitude t1.o in the first 
115 Areas of the systematic plan. These Areas are in the northern 
hemisphere and at the equator. 

When the Mount Wilson program was about two-thirds com- 
pleted, Dr. Schwassmann found that on the Hamburg plates he 
could classify spectra of stars as faint as magnitude 12.5 over an 
area 3°53°5, and reported that in 70 Areas the spectra of 75,000 
stars had already been classified.4 At this rate he would classify 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 458. 

2 J. C. Kapteyn, Plan of Selected Areas, Groningen, 1906. 

3 P. J. van Rhijn, Third Report on the Progress of the Plan of Selected Areas, 1923. 

4 Van Rhijn, Fourth Report on the Progress of the Plan of Selected Areas, Bulletin 
of the Astronomical Institutes of the Netherlands, 6, 75, 1930. 
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well over 100,000 stars in the 115 Areas under observation at Mount 
Wilson, and it became a question as to whether the program should 
not be discontinued at Mount Wilson. It was decided, however, to 
complete the program mainly because the observations were al- 
ready so far advanced; but two other factors also affected the deci- 
sion: first, the dispersion used at Mount Wilson is approximately 
3.5 times greater than that used at Hamburg; and, second, it was 
found possible after becoming familiar with small-scale slitless 
spectra to classify somewhat fainter stars than was originally in- 
tended. This extension to fainter stars, from a mean limiting photo- 
graphic magnitude of 12.5 at the center of the plate to 13.3, has 
practically doubled the number of stars classified. 


OBSERVATIONS 

The observations have been made with a slitless spectrograph 
attached to the Newtonian focus of the 60-inch reflector. A plane 
mirror placed in the focus reflects the field into the spectrograph, 
the optical parts of which include two Voigtlander portrait objec- 
tives, focus 4o cm, used as camera and collimating lenses, and a 39° 
dense flint prism. The scale of the spectra is 7.84 mm from H8 to He. 
The plates used were Seed 30's, 45 inches, during the years 1922, 
1923, and 1924, and Eastman 4o’s of the same size sfnce March, 
1925. The extent of the usable field is 40’ x 40’. With this spectro- 
graph a considerable loss of light occurs away from the center of the 
field. It is not directly proportional to the distance, but increases 
more rapidly beyond 5’ from the center and amounts at a distance of 
20’ to 1.2 mag. The average exposure time was approximately 4.5 
hours, which gave a mean limiting magnitude of 13.3 at the center 
of the field and 12.1 at 20’ from the center. The fields observed 
have always been within the limits of the Areas as defined in the 
Harvard-Groningen Durchmusterung,’ namely: 


Gal. Lat. Extent of Area 

° ° Fw , 
—20 t0 --20 40 X40 
+20 to +40 60 X60 
+40 to +90 80 X8o 


' Harvard Annals, 101, 1918; 102, 1923; 103, 1924. 
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shown in Table 1. The spectral classes assigned to these stars were 
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Harvard M.W | Harvard MW 
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obtained from the Henry Draper Catalogue and, when the selection 
was made, agreed with the classes assigned at Mount Wilson. Since 
then the Mount Wilson classification of 5 of the stars has been 
changed slightly as shown. No reduction to the Mount Wilson 
system has been made, however, and the Harvard classifications 
for these stars have been used throughout the investigation. 

The standard stars were all photographed on one plate, each star 
being given a weak, a medium, and a strong exposure. This plate 
was then put film to film with one of the Area to be classified and 
the comparison made by matching and observing the spectra 
through a low-power hand-magnifier. 

For the K stars no subdivision has been used between K5 and Mo, 
and in the frequency diagrams Mo has been placed next to Ks. 

Not all the spectra classified are strong enough to show the H and 
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Ko tines of Caleta. Phis cireumiatinee Ti ented to dienttyy 
OXCOPE TH The cme ob the erly Paid) Heat Por both theme elie 
(he intenaition of Che lvelrowen Thea are about (hese, and the Gd 
band, When De not vel atrong enough tooatiow, cannot be taeda 
ChPEO TION CO CTIATTA EU DAT Oli DOP D Terven Cle relative: Ti teriabty:« 
He CONEHOT ApeeLiii tie he Onty iietHipbahiiige Tea tine, O) 
HOCOHTE OE The a ppirent acareriy Ob TATE Thatta, The proportion of 
‘tive wronnly climattiod abould be relatively: aniadh lawever, ane 
ahould atleet only Chose Areae da low gatwetio latitudes. Wien the 
writer Wasa thable to cletermine the elise to wlilel a ostie ol tits kind 
heloneed, H Wie classitiod aa b 

Sinee the detec dint PEST List din the pe tropraph cotised the 
intensity of the spectrum to HeCredse rapilly to the violet oF A aoa 
(IX), no attempt was made to use the cyanogen band A Q8S84 as a 
criterion of giant and dwarf characteristics. 

As a means of checking the classification system, oo bright stars 
which had been classified from slit spectrograms taken at Mount 
Wilson were observed with the spectrograph used for the Selected 
Areas. While the exposure times used for the bright stars were 
short, it was found that if these stars were observed in poor seeing, 
their spectra appeared similar to those of the faint stars obtained 
with longer exposures and better seeing. The results are shown in 
Figure 1, from which the average uncertainty of a classification for 
a single star in the group was found to be 0.19 of a spectral 
interval. 

Two comparisons of the Mount Wilson classification system for 
the Areas may be made (Figs. 2 and 3): the first with a group of 
316 spectra in Areas 8, 9, 18, 19, 40, and 64 in the Cygnus region ob- 
served by Allen D. Maxwell with a quartz spectrograph at the 
Lick Observatory;' the second with the spectra of 241 stars which 
are included in the Henry Draper Catalogue or the Henry Draper 
Extension. The comparison with Maxwell’s results shows the spread 
to be somewhat affected by the grouping in his classification system, 
especially noticeable at Ko; but otherwise the correlation is good and 
reveals no serious systematic difference between the two systems. 

The comparison for stars observed in common at Harvard and at 


t Lick Observatory Bulletins, 13, 68, 1927. 
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Mount Wilson shows a somewhat more pronounced grouping, due, 
of course, to the fact that certain spectral subclasses are not used at 
Harvard. There is also an indication that the types assigned at 
Mount Wilson make stars of types G5 and later bluer and those of 
Ao and A2 slightly redder than the Harvard types. This comparison 
cannot be given much weight, however, as a great majority of the 
stars are bright, and on the Mount Wilson plates their spectra are 
seriously overexposed. 
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lic. 1.—Comparison of the spectral types of go bright stars determined from slitless 
spectra obtained with the Selected Area spectrograph (abscissae) and from larger- 
scale slit spectrograms (ordinates). 


In extending the classification to stars fainter than magnitude 
12.5 a selection favoring the late-type stars may have occurred. If 
so, the selection has arisen from the possibility of classifying the 
spectrum of a faint late-type star from some feature seen in the 
maximum of the continuous spectrum or from the intensity of the 
maximum itself. This method cannot be used for equally faint 
stars in classes F and A because the great extension of the continuous 
spectrum into the violet implies a very flat maximum having a 
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density considerably below that of the relatively sharp narrow maxi- 
mum of a late-type star of the same magnitude. The only exceptions 
are early A stars in which the hydrogen lines are strong enough to 
show against the weak background of the continuous spectrum. 
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Maxwell 
1G. 2.—Comparison of the spectral types assigned to 316 stars observed in common 
with Maxwell. 
RESULTS OF THE INVESTIGATION 
The spectra of 4066 stars have been classified in Selected Areas 
1-115. The approximate percentages for different intervals of photo- 


graphic magnitude are: 


Br.-10.0... anita . 8 per cent 
ORs oo Snes eae eae 
SPER. 5 36S aston 30 
Ce. eee eee ter 50 


The spectral classes of the individual stars are given in Table IT, 
together with the numbers and photographic magnitudes' assigned 
fo) D5 5 5 


‘For the reduction of these magnitudes to the International System see Seares, 


Joyner, and Richmond, Mt. Wilson Contr., No. 289, Table III; Astrophysical Journal, 


61, 303, 1925. 














230 MILTON L. HUMASON 


in the Harvard-Groningen Durchmusterung.! From the same source 
are the data for the heading at the top of each Area, namely, the 
right ascension and declination of the adopted center for 1900, and 
the galactic longitude (/) and galactic latitude (b). The Mount Wil- 
son type, as already explained, is the mean of three independent 
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Harvard 


I'1G. 3.—Comparison of the spectral types assigned to 241 stars observed in common 
with Harvard. 


classifications made for each star. A number of stars whose spectra 
were superposed on the plates could not be classified. For a few of 
these, however, the spectral divisions to which the stars belong could 
be determined. In such cases the magnitudes are bracketed in the 
table. Two classifications assigned to the same star indicate that it 
has been found to be double. 


* Harvard Annals, 101, 1918; 102, 1923; 103, 1924. 
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TABLE II 
HA 101 HA ror HA 101 
M.W. M.\ M.W. 
SP. OP. SP. 
No Pg.m No. Pg.m. No Pg.m. 
Area I Area 3 
8bo™, +89°0’ 4hgm, +75°0’ Area 4—Cont. 
l=or’, b>=+28 l=102°, b=+18 
123 Eh. 30 G2 I Il. 73 Go 106 13.84 G8 
125 11.64 Go 20 12.07 Go 108 11.67 | K2 
127 10.87 GO 24 12.35 Fs 111 13.24 | 8 
187 11.47 .5 20 12.93 7 114 13.16 F6 
189 12.50 GO 45 12.35 K3 irs 7.12 Go 
1QI 11.98 I*2 49 12.19 Go 117 13.56 | G8 
196 £2).23 fe) oe of BELTS I 126 12.45 | G7 
200 10.45 G2 7° 11.55 7 127 12.45 | G7 
203 11.05 G = ” 19 Fo 174 10.70 | Ko 
204 | 12.32 a | ae, 175 9.37 | Kg 
262 i2:.32 G5 Q2 12.93 Is 185 11.86 | G4 
206 12.32 I°6 97 12.04 Ig 188 11.48 | G3 
268 12.15 G3 103 5.04 A6 IQ! 12.73 | F2 
105 12.67 M4 193 11.48 | G3 
108 13.17 G3 107 12.45 | F2 
109 12.07 FS 199 11.10 G2 
\rea 2 — sack ha 238 10.47 K2 
ae ae, III 10.05 Kr 242 II.10 Fo 
O29 T75 20 112 13.34 Ki se sales G 
1=88°, b=+13 nab ms ae igs. #4 
113 13.03 G3 249 II.10 G5 
120 10.88 6 251 10.84 Ga 
161 ye i G5 
15 11.46 G8 * os _ ‘ 
22 12.28 G8 cae ar af I= Area . 
20 11.66 Gi aan 4a Go 193", +75 0 
39 12.49 F7 ae phase l=or°, b=+4 
40 10.87 A7 — ia = 
2 -° 189 11.88 Io a 
50 12.49 Kt 267 8.83 he j 
53 11.86 AS 104 9.43 I'g 
70 11.86 M5 230 12.61 | F5 
100 es F2 Area 4 232 10.82 | Fs 
148 11.66 I's Sham 474°! 238 11.76 | F7 
154 11.46 K1 1=107°, b= +32 230 12.31 | K2 
155 12.71 I'6 241 11.76 | Ko 
186 9.37 .5 244 rE.O7F | G2 
189 9.95 G3 20 II. 29 G1 204 12.97 | F3 
a1 £2.23 K3 27 fi.13 Go 296 13.16 | F8 
218 52.07 G7 34 11.29 Fg 298 12.96 | 4 
230 52.39 G3 42 13.44 8 200 9.16 Go 
274 11.46 G4 43 13.68 Go 300 10.21 G4 
279 [2:71 Ko 45 11.20 Is 301 13.00 | G5 
301 9.89 a: 56 11.20 G4 307 12.50 | G4 
3009 11.606 G2 78 8.10 AS 308 II.Q4 | G2 
340 8.72 M3 84 10.59 I3 309 11.16 | 8 
343 8.57 G4 85 11.13 r6 354 10.36 | G4 
358 11.46 K2 go R254 Go 430 8.09 | K3 
382 LY. 297 Ao 101 £2.25 G2 447 10.74 | I2 








HIA 101 


No. Pg.m 


Area 6 


1=75°,b=+ 
225 10.10 
242 10.74 
283 11.86 
254 13.35 
290 11.48 
2g1 12.84 
203 2:30 
2909 13.54 
302 12.24 
307 12.05 
352 11.67 
350 13.57 
359 13.54 
300 12.05 
301 rz :07 
300 10.79 
307 10. 33 
308 10.75 
309 12.72 
374 12.24 
Ye II. 30 
Area 7 
20°24", +75 
l= 76°, b=+ 

71 10.70 
oO 8.87 
102 11.45 
12 10.35 
121 10.19 
137 cE. 55 
215 10.75 
229 12.82 
239 [1.22 
249 12.41 
251 II QI 
ona” [i320 
275 12.01 
284 11.45 
325 L201 
330 11.57 
422 12.49 
429 11.25 


*VV Draconis. 
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M.W. 


Sp 


r6°14™, +74 50" 
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TABLE Il—Continued 


ITA 101 


No Pg.m 


Area 7—Cont. 


434 9.08 
402 Gee Ko, 
4359 LO. 27 
Area 8 
tho™, +60°10’ 
l=92°, b=—2 

I LO: 52 
72 [1.07 
04 9.99 
LE7 £205 
121 10.79 
1331 11.67 
148 10.35 
154 11.48 
177 10.98 
283 11.86 
203 P21 
320 rz. 30 
352 £3.21 
353 L2...20 
380 9.95 
30I II .20 
3905 [2:05 
402 12.606 
409 10.79 
413 ee 
22 10.71 
446 10.35 
479 10. 35 
488 [2.5% 
493 12.02 
495 12.05 
4909 11.48 
4 12.70 
539 I2.95 
545 11.48 
550 13.16 
5060 8.18 
573 11.67 
580 II .02 
583 12.05 
584 I2.02 


7 Spectrum from H.A 


M.W. 


OP. 


Ko 
Go 
Ao 


HA 101 

No Pg.m 

Area 8—Cont. 
004 11.48 
607 2.35 
619 11.48 
621 12.10 
622 ee ee 
629 11.48 
644 10.50 
678 IO 98 
702 10.88 
707 11.86 
711 12.05 
718 10.95 
724 10.95 
738 11.45 
758 FT .20 
v AF 12.35 
788 It. 14 
\rea 9 

3°4™, +60°20 

l=100°, b=- 3 
r@) Q. 24 
15 12.10 
10 12.02 
23 9.84 
30 i012 
31 12.88 
32 9.958 
38 3.22 
39 Tl. 44 
40 r?. ED 
57 12.38 
104 10.05 
107 11.66 
117 12.88 
128 Fr.50 
130 7-93 
139 II. 37 
145 Q .93 
160 12.88 
103 11.600 
169 10.84 
183 LE. 50 
203 12.02 
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TABLE Il—Continued 
HA ror | HA 1o1 HA to1 
M.W. M.W. & M.W. 
no | oP. | oP. 
Pg.m. No Pg.m. | No Pg.m. | 
Area 11 
Area g—Cont. zhom, + 60°’ Area 12—Cont. 
l=123°, b=+27° 
07 10.86 Ao 212 | 11.44 F4 134 9.51 | F2 
10 11.50 Ao 237 11.44 F7 |] 175 II. 32 | ue) 
21 12.38 G3 240 6.69 K2 178 II. 32 | co 
27 12.22 I'3 245 Il .12 G3 181 | 11.96 | Os) 
41 12.71 G3 314 11.44 G8 182 | 13.27 | K2 
43 12.95 F7 321 | 12.38 G8 183 | 12.83 | Go 
47 12.71 G3 323 12.59 Go 185 11.61 | 5 
53 8.69 Ao 328 11.10 G3 mi Be 
2 Il.25 ‘Ao 334 52.72 G4 
oo 9.45 K4 337 11.62 F7 Aeeie's 
° 7-97 5 344 10.54 G6 rae fae , 
347 serch 5 351 12.59 Fo rb RA ad 
61 Q.70 \ 2c = O2 Ge =111, b=+53 
) / 5) 354 7-93 5 
375 11.99 K3 
378 11.28 F3 = sa 7. a 
352 12.35 G3 6S | Enss7 Fs 
452 11.99 Fs 172 8.05 | G2 
Area 10 469 12.18 4 210 10.79 | G2 
sh8™, + 60°10’ 478 12.38 G6 213 12.58 | Fr 
118°, b= +13° 484 11.62 Ag 214 | 11.35 | M3 
480 | 11.80) 4 216 | 12.94] G3 
488 12.18 F3 217 12.76 | .F3 
490 12.38 Fo 221 ¥1.99 | G8 
504 7-90 Fo 224 1.16} Kr 
32 11.89 I°6 500 | 9.03 G3 268 | 10.93 | G5 
35 13.06 Gi 574 kee G6 272 | 12.58 | G3 
41 12.28 Go 577 II .0 Ft 273 | 11.16 | G2 
44 11.52 Go CY 12.36 G3 27% | EE-76 G2 
48 11.40 Ao 284 | I1.99 G4 
13 “ Ff Area 12 _ oa 
a es | 
58 Pal 70 I (@) = (23 b — t Area " ° , 
136 7 11 G5 dete 159 * 
: 12 86 Fy 60 13.38 F3 t=81', b= +57 
11.89 ko 62 12.93 G3 
52 12.67 G7 63 12.61 F8 i 
55 11.69 Ko 64 12.61 Kg 194 | 12.02 Ko 
156 9.36 AZ 66 12.93 F8 238 | 11.48 | Gr 
3 BREA, | Go || 69 13.63 GI 243 | 12.88 | K3 
7 10.88 Ao 70 8.28 G2 240 ¥2.2F | G2 
7 11.89 G5 74 13.10 G4 248 | 11.66 | F6 
) 12.08 G8 75 11.48 Go 298 52:21 G2 
4 11.89 F4 124 13.38 G6 | 335 II .30 Ko 
7 12.67 F3 128 12.71 G5 338 | 11.30 | K3 
5 11.69 | GO 129 11.64 | \3 Zar | IRNI3 Go 
2 9.87 | At 130 13.83 G4 349 | 11.48 F8 
| 
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TABLE I1l—Continued 


ITA 101 
M.W. 
Gp 
No Pg.m. 

Area 16—Cont. 
1Q2 I2.20 Go 
196 11.86 G7 
107 12.66 | A7 
198 10. 36 G4 
200 9.20 Ag 
203 13.10 3 
211 11.38 G7 
255 L237 G7 
216 10.22 Mi 
218 {T2322 G4 
220 [1.22 FS 
22 It .22 8 

Area 17 


1g"23™, +60°10' 
[= S0:, b=+109 


15 9.54 GI 
16 10.55 Mi 
19 Q.d50 F1 
22 10.02 Ko 
40 [2.20 5 
60 13.15 G3 
63 12.67 K2 
67 12.48 Gi 
77 11.48 Kg 
QI Ir.05 7 
04 12.00 GO 
100 9.99 I's 
123 11.65 G7 
135 LES 72 G3 
144 EE.56 ie) 
153 13.87 Fi 
154 10. 23 Ko 
161 E222 G2 
171 11.10 Ko 
172 12.45 Ko 
174 8.44 G8 
176 12.00 G2 
180 10.57 Ig 
182 iO. 47 GO 
183 12.48 GI 
104 IL .O1 Ko 
202 12.18 I4 
234 It.32 G2 
239 9.90 K4 
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ITA 101 


Pg.m 


Area 17—Cont. 


12.00 
Ir.82 
13.28 
12.18 
Ir .O! 
11.58 
10.25 
11.48 
10.41 
10.85 
ET. 29 


\rea 18 


th24™, +60°10’ 
=68". Dd +O 


12.01 
Q.&2 
11.78 
r2:01 
Ir. 81 
I2.93 
10.95 
11.82 


m= bh 
~sI 


NN WwW WH 
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TABLE Il—Continued 
HA ror HA ro1 ITA 101 
M.W. M.W M.W. 
Sp. Sp Sp 
No. Pg.m No Pg.m. No Pg.m 
Area 18—Cont. Area 19—Cont. Area 19—Cont. 
c20 > > s s ( x A2 
532 13.31 Gi 277 E273 A2 pon hips : 
( 79 
540 Q.07 G6 280 12.54 Al Too 8 ay ‘A4 
540 13.12 At 308 fn. 72 \3 
559 12.01 G7 311 12.38 \o Area 20 
567 11.25 It 314 12.21 \7 o'4o™, + 45°20" 
606 £2.03 \3 332 10.60 5 1=80°, b=—17 
610 13.57 5 333 12.05 Ig 
6 5 a > 
os Il 54 = 354 10.20 BS 6 11.62 \2 
73! 12.35 9 3858 II .02 GI 19 12.88 G4 
747 I1.O1 G6 400 13.04 M6 > 12 76 GI 
758 12.50 rg 414 r2.54 AY 58 12.32 4 
759 11.14 re AIS br 72 G2 23 13.00 Go 
777 sie, x] 24 12.71 Go 26) 11.80 G3 
S14 12.36 K3 28 IF .O! Go 30 9.79 F3 
53: 11.75 \o 431 52.87 G6 7H af 4 
R52 5 \ 3 Soe 47 13.91 G2 
63: 12.19 AI 442 11.39 At 55 12.32 | G1 
dS4I 12.50 Ag cle II G7 ¢ ? | F7 
be} I ” I'v te 10 12.14 | / 
544 [.79 uf, S21 II. 39 Bs 62 12.73 | Fo 
852 12.01 G5 “67 Ae G8 - a 
roi : Ac yu 12.21 2 05 12.14 G2 
87° tS: 3? ae 57% 10.55 Io 72 EF. 690 A6 
959 aed G3 554 11.55 \4 113 12.43 | B2 
990 seo: Mo 606 ER-55 GS 114 43 s3 | ‘F7 
> - a e | / 
908 12.08 Ag 614 12.38 Go re apes he 
1030 11.53 Ag 615 i270 F2 124 12.88 Be 
‘s ) : : ‘ 24 2.4 3 
1054 12.05 Go 621 8.95 AS 126 13.12 | Ga 
1130 10.82 B8 623 12.54 G7 2 ere F5 
me ie \ é + rb I29Q iF eS oy oe 5 
1173 11.20 Ao 628 12.87 4 oe sam Gz 
1205 11.42 A6 6x5 a dla F? Y 2 <, 
Sats ic 5 3.04 ] 133 II.O1 | I's 
1232 9-99 6 635 12.21 \1 Bee Ce 
o* : kK 35 134 13.17 13 
1277 12.01 4 639 12.87 \4 E21 rT. 42 ( 
K2 : 39 72 | 14 
1254 rL..36 2 653 12.54 \< 2 F7 
1286 10.97 5 Pap \ — are ; 
2! - m9 + 
1306 11.31 Mo yes. ae : 142 13.50 | GS 
oe 3 ; 077 12.05 \3 148 12.73 | G2 
795 9.55 GO 162 11.01 | G8 
7958 10.97 Go Q 72 
Area 19 a 4 : 168 12.61 F8 
salinnm 264 ’ O31 10.05 »4 173 12.69 FS 
23°23, TS0O0 8388 Ei. 72 8 . } 
1=8r°. b I OOK /é 175 13.67 | G2 
QI! 2529 \2 181 12.77 | Ao 
: 925 9.97 \6 182 12.96 | G2 
81 10.50 B8 929 12.21 \o 186 II.47 Ag 
86 12.71 Fo 933 IT. 56 Ig 208* 12.73 | G2 
IOI 12.05 A2 949 | 9-79 A3 234 13.76 | G4 
144 12.38 Ao |] 952 12.21 \2 236 14.11 ORs 
213 | 10.09 | A4 g05 | 9.95 BS 238 12.50 | Fo 
262 1 ey 2 oa Gi 970 12.05 A4 245 | 9.66 | G3 


* Magnitude appears to be 11.2+. 
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TABLE IIl—Continued 


HA ror 
a M.W — MW MW 
SP SP SP 
No Pg.m. | No Pg.m No. Pg.m 
Area 21 
Area 20—Cont. 1h36™, +45°0’ Area 22—Cont. 
l=99°, b=—17 

its G 13 11.71 K4 31 10. 30 K3 
hs —igem - 25 11.54 G4 309 13.84 Go 
254 12.50 G3 67 10.79 BS 48 an > 
258 14.01 4 gl Q.3I Ig 69 12.64 Go 
259 sila o 149 Gee G2 70 12.54 G3 
264 13.30 F7 i 9.46 I°6 114 12.54 Fo 
m | ee) 2s | ce | feel & | we | Sel Be 
28 12.88 | Ge at slpie K4 1g | 12.54 \s 
aie 2 M 234 LO. 33 nD 270 13.48 Is 
Zar i : 251 9.95 | 5 279 10.79 Ir 
290 12.88 5 101 a as I> a wv fs As 
291 10.90 | Gi hs 7: ae Ko op — a 
203 | 13-17 | Gr aah 1 a os re ces 
295 | I2 58 | F7 321 13.00 K3 202 12.54 
207 8.63 BS 322 12.54 G8 ‘as 19.8 Kt 
298 13.30 | G3 a ie 7 | r6 = a vel 
209 13.860 | Fo pe ago rip = op 4 
393 aera F9 356 | 11.88 G5 307 er hy Go 
| Se 304 | 10.86] G3 319 | 12.69| Gg 
~~ is = 403 11.7! A7 32 14.22 Ko 
313 12.88 6 oun anne EF, pir ake os 
315 Ee. 39 0) AII 12:21 G7 a8 12.54 Eo 
|) S38) oF 442 | 11.71 Fo 336 | 13.15 Gs 
338 2.97 | ¥7 454 | 11.41 ‘Ao ~ re 
350 cs Oe | K5 404 | 2.2% 6 350 9.90 Bo 
301 IIT. 30 | Aq 468 52237 G4 366 12.60 G4 
369 Li: 07 | F4 ep ‘as Ko re a eg 
378 13.39 G2 485 | 9.50 Ma 382 ips Fs 
34 - 39 | ra 494 12.21 Ig 390 11.65 Go 
386 11.80 (57 <06 12.71 in it ee Ps G 
304 11.97 I*9 10 13.06 Io 405 13.66 G 
399 ae akg 518 | 10.83 A7 500 11.02 Ko 
ae BS < 37 | G2 540 10.6090 Go 504 13.15 Go 
462 83.07 Go 655 12.04 Fo 506 13.84 K2 
403 Motte 4 666 10.86 G4 500 13 48 G3 
407 11.10 A3 689 | 10.86 5 — ip Bo 
409 | 12.88 | K3 606 12.41 | K4 rie cas Kt 
— | oes U5 7°29 11.17 Ko 530 12 69 Fy 
426 | 12 14 | Go 751 o 86 | G8 a a G 
431 | 10.68 | G6 763 i ak: ‘ie a. ie be 
a | 5-85 | | ie. : aes 12.25 AS 
eer é ri | ; Area 22 572 13.15 Ko 
per s os | re | 2°38, +45°10" 590 12.54 Po 

2 ; {| =111 ,b=-13 625 12.84 G7 
= | tae rhe 630 8.22 I's 
450 9.05 } ~~ ; Sc 12.09 FS 
459 | 12.80 | GI 19 11.99 7 md hpi * 

30 12.99 G2 14,2 II. 32 
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TABLE Il—Continued 


IIA ror ITA 101 ITA 101 


M.W. M.W M.W 
Sp. SP Spe 
No. Pg.m. | No Pg.m No Pg.m 
Area 22—Cont. Area 23—Cont. Area 25—Cont. 
662 11.71 F3 440 i257 Fg 82 13.20 I3 
768 11.16 Ao 443 II.00 Fo go £2.25 Ko 
785 11.38 Bo || 409 II.50 F7 Q2 FESS A3 
, 473 11.61 A2 100 12.67 K2 
| 470 1.7 Kr 116 12.87 A3 
Area 23 501 10.93 A4 117 13.58 F'5 
3°39™, +45°0' 571 £3.31 F2 131 12.67 F8 
l=120°, b=—7 580 12.59 G3 132 12.46 F3 
590 12.64 G3 134 10.99 A2 
15 10.69 No 605 7.36 B8 135 13.42 G2 
45 10.83 Go 620 b2.73 A4 149 12.25 G6 
57 11.34 M3 621 II. 34 K1 152 9.89 B8 
64 12.97 K4 674 11.79 G7 193 10.53 6 
80 11.47 Ay 199 13.29 A2 
159 10.39 G8 Area 24 221 12.40 Is 
195 11.97 Gs 4'390™, +44°50' nee pipe ii 
1Q7 E217 G7 f=128°:b=06 234 9.15 A 
198 11. 36 B5 255 11.61 F7 
239 11.97 3 13 7.78 A6 202 7-77 Ao 
241 b2.073 Po || 28 L277 K2 320 12.40 | G3 
246 11.40 | Bo | 32 11.67 I4 = 
250 12.37 G3 55 14.90 Ko \rea 26 
250 13.42 I's 165 II .04 Bs 6'36™, +.44°50' 
255 13.10 G7 1QQ 12.77 ‘Ao l=138°, b=+18 
201 12.82 | g 207 12.01 A 
204 rr63 Go 249 E2.. 77 Ko % 
273 13.84 Gs 252 ry. S1 Ao 22 F330 F5 
201 1257 Ig 262 12.19 6) 27 PETS 8 
292 13.84 6 2060 11.84 Ag 60 9.78 Ao 
300 g.62 I 351 Ei §1 G4 100 12.80 | F7 
307 i223 G4 353 12.01 B8 109 13.01 | F7 
ary 12.82 Go 378 EP.35 GI 12 11.38 | i3 
312 13.47 Io 381 12.01 Al 125 12.40 F5 
321 13.42 Gs 382 12.19 GI 120 13.09 8 
229 12:86: Fo 387 11.51 Bo 127 12.80 | Fo 
328 | 13.06 | K4 ao7 «| 18.77 Ar | 132 13.09 | F8 
aan | Tas 8 | 401 £1. F8 || 133 13.65 Go 
330. |. “F323 | G2 | 403 9.81 Ko 134 13.30 Fo 
342 12. 27 | Ko | 413 | 32:35 Gs | 135 10.10 | G7 
350 | 12.59 Gs 440 10.42 K2 138 12.25 | FS 
352 11.07 Ms = 139 | 11.82] G3 
387 11.05 | 1) Area 25 I50 | 10.15 Go 
304 TE:OF | Fs || sha7m, +. 44°50! 156 13.18 | 7 
402 10.01 Bs5 [=133°, b=+0 158 12.67 | G2 
418 11.97 | F7 = 101 12.67 F5 
423 13.68 Ko st 12.87 Ao 172 9.83 At 
425 13.47 | G4 54 12.67 Gi 209 10.71 | Ko 











I 


No. 





TA 101 


Pg.m. 


Area 26—Cont. 


10.80 
[3°82 
13.95 
14.04 
13.09 
13.50 
13.39 
T1.15 
Q.04 
LT. 15 
13.22 
12.88 
12.00 
[L235 
12.25 
12.75 
11.38 
12.50 
12.25 
12.40 
10.03 
12.59 
£22 


i) 
“IU 


MILTON L. HUMASON 


Continued 


TABLE I] 


HA 101 ITA 101 
M.W. M.W 
SP SP 
No Pg.m No Pg.m 
Area 29 
Area 27—Cont. 0°30", 1-44 
l=141', b 

6 225 10.51 Gi 172 10.70 
Gy 232 £2.29 (2 1758 2.73 
4 237 11.34 Fs 183 11.31 
Iz 238 1.30 Go 180 L232 
I's 292 II .O1 Ko 1QI 10.85 
G4 2905 13.608 GS 235 £2.32 
rs 207 12.03 G5 236 13.78 
Kt 298 12.03 GS 4 fr .52 
6 301 [272 Go 230 tI. 3) 
Ao 305 ia. 7 I's 241 Hp ee 
Fo 308 12.94 Io 209 "hae 
G5 379 II. 30 Go 301 [T.23 
G7 331 12.49 G4 302 10.50 
G8 391 II .O1 (13 303 5.00 
G8 305 10.91 Go 310 10.55 
F's 307 12.49 Go 311 II.Q! 
Ks 400 11.55 7 322 9.92 
ree 401 II.20 G5 324 ‘eae | 
K2 437 g.82 Go 
G3 \rea 30 
G4 \rea 28 ; ro! 37m 4s 
A2 8h40™, +45 0 1=12°°, b=4 
G6 l=143°, b=+39 
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TABLE Il—Continued 


ITA 101 ITA 101 IIA 101 
MAM MAW | MW 
Sp | Sp | Sp. 
Pg.m No Pg.m. | No Pg.m. | 
\rea 33 Area 35 
Area 31—Cont. 13'50™, +45°10' 1549", +44°50’ 
l=57°, b=+67 l=39°, b=+49° 
40 2.15 I°2 0 11.2 Ig 163 | 10.56 | Fr 
49 12.58 G4 II 12.91 GS 172 10.32 | G7 
50 10.42 I's 12 12.19 K 5 173 Q .30 Mo 
? 12.42 G2 18 12.36 K1 185 12.49 | Fo 
i. 12 Fo 19 E202 Go 195 Q.94 | K2 
3 8.42 Go 64 12.54 8 257 13.21 | Go 
) 12.90 Go a7 PE: 2) F7 261 12.88 | Ko 
150 8.72 M3 S1 10.706 Gi 262 12.49 | Fo 
53 10.89 G5 128 II .40 G5 203 13.42 G5 
5 Q.2 \8 F F7 266 13.08 | G5 
: 122 9.81 : .* 
) 10.05 I's F7 270 13.50 | Go 
8.88 Ko 134 12.91 K7 273 9.63 M4 
18s 9.84 G2 120 II .30 K2 274 13.84 | Go 
188 10.05 Gi 140 12.26 G3 278 1368 | G4 
Boge Gi 150 12.02 I's 279 12.57 | GI 
202 10.89 K2 105 FL.%0 I's 280 ee G3 
210 10.40 G4 202 Il. 34 G2 28 3 13.08 G7 
2 11.6 I*6 252 10.84 Gog 287 12.68 | F7 
fe) 5. 52 Ko 292 10.95 G8 
| 11.89 Io 336 II.QI | Go 
8 10.10 Go 338 9.31 | Ag 
| Area 34 330 12.49 [eS 
14°45", +45 0 341 2.30 | Go 
l 43, b 59 343 10.95 | F8 
\rea 320 345 12.30 | F8 
raha" 44°50 340 II .Q! F8 
[=54, 0 72 24 TE=33 Go 340 12.40 G4 
97 12.92 G7 351 II .QI GS 
104 13.18 Go 353 12.30 Go 
13.31 17 100 12.29 G5 3602 [1.72 G2 
170 r:§) GS 112 12.09 8 .. ee 
177 11.83 Go 114 13.28 F's 
78 12.00 Ko 115 9.20 K4 — Area 360 
12 10.42 K2 117 14.25 G4 160"460™, +45 20 
20 has 72 G7 118 13.18 G2 1= 38°, b=+39 
12.18 K2 120 14.25 G3 oi ea 
3 £2.92 (2 121 52592 8 10 II .go | G4 
° £2.15 G4 122 12.50 6 13 12.56 | F4 
2 ee G2 126 1533 Fe) 26 I1.QO | G5 
282 10.40 GO 128 i ae Go 20 12. 3. G3 
3 13.72 G7 174 L3.37 Go 88 13.00 G7 
280 12.54 Ko 184 12.50 G7 go £3.45 G3 
202 12.02 G2 IOI 12.18 G6 7 I1.QO | Go 
208 12.54 ‘Mo 202 12.95 Go 09 II.go | G6 
30 10.80 K1 242 10.98 G5 100 14.15 | G5 
38 11.21 F3 257 II.15 Ko 103 13.65 | G8 
3 11.83 M4 324 8. 37 Go 104 12.78 | G2 
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a ee ee ee ee 
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Pg.m. 


Cont. 


45 
07 
45 
go 
56 
go 
I2 
eye) 
15 
75 
(ete) 
78 
LZ 
Q2 
58 
oo 


Area 37 
T7h49™, +45 fou 
=39 , b=+28° 


42 
fe) 
gI 
Q2 
88 
03 
99 


Qg2 


TABLE II—Continued 


HA 101 


M.W. : en M.W. 


Sp. | Sp. 


No. Pg.m. 


Area 37—Cont. 


K3 204 13.74 G4 
Go 290 12.85 Go 
Gg 207 | F2x84} G4 
G4 302 II .go | K5 
K 3 303 9.71 A5 
Go 205 | EL<90 | Ko 
Ko 308 | 13.19 G5 
G4 310 I1.go Ko 
G5 310 12.57 | F3 
Fs 322 12.23 G8 
G3 325 12.07 Go 
G5 330 DE 7a || G2 
14 305 10.21 G8 
G5 371 11.74 | G7 
7 386 | 10.20 Ko 
7 388 | 10.09 Go 
390 II.go Go 
405 12.57 G5 
409 IEA? Int 
Area 38 
18546™, +45°10' 
M14 i=42°, b=-+-18" 
K1 ae ; 

K3 ; 
iI 35 12.50 | Go 
Fo 48 12.65 K5 
G3 52 11.81 F7 
F4 53 12.306 8 
Go 68 E226 F7 
F7 75 11.68 G5 
G3 106 12.36 Ig 
G3 177 10.73 F7 
Gi 188 12.90 G& 
G 198 £3.63 F7 
G5 203 a a G5 
2 211 12.80 | Gi 
G7 215 13.06 G8 
G6 207 F222: | K2 
G4 218 13.29 G4 
K 3 223 11.68 | F8 
13 229 6.70 | A7 
Go 237 | I 80 | Fo 
G5 24r | 11.95 | G4 
\4 253 | 10.73] <A7 
G8 256 | 12.08 | I'6 
G5 205 {| f1.20°] GO 
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TABLE Il—Continued 


HA ror HA tor HA 101 

MW MAW MW 
Sp SP oP. 

No Pg.m No Pg.m No Pg.m 

Area 39—Cont. Area 39—Cont. \rea 4o—Cont. 

gb bE.45 Ao 864 a Lo. IY 75 12.24 Go 
121 LE-.05 Io 902 12.99 A4 ISI 13.62 K 2 
| 154 10.81 M4 goo 13.06 Mo 188 13.38 A3 
| 220 12.87 Go gio 11.06 Ko 1Q2 13.28 F2 
223 10.40 A4 920 12.50 I7 107 II .Q4 Is 
| 240 10.40 AI 963 Q.62 Fs 199 12.89 2 
274 11.58 A2 077 13.26 A7 203 9.53 G2 
383 £5.29 K2 983 11.80 Ag 205 12.09 Gs 
380 11.80 I2 904 11.12 Gs 208 12.95 7 
3Q1 12.61 I°2 999 12.32 Go 216 BD .2 A4 
308 11.25 \o 1018 12.50 A8 225 II .Q4 G4 
400 11.80 G2 1081 10.41 \o 232 II .Q4 Io 
405 11. 36 K2 1142 r2.14 Go 235 13.05 Ir 
410 12.608 G2 1182 12.50 G2 259 II .30 Bi 
430 12.87 Go 1194 12.87 Is 2602 12.56 6 
442 Lh. 3 As 1196 11.48 I3 ie ce F7 
445 12.87 Fs 1198 11.80 \7 a lal Ag 
454 12.14 G2 1214 11. 36 G7 207 9.60 \o 
491 ie ep AS 1229 12.14 l'6 272 10.86 F7 
493 12.50 F7 1258 11.97 Ao 283 0.34 A2 
510 11.05 5 1260 12.68 I's 285 10.64 At 
513 52.32 Gi 1344 Hb. 57 K4 204 #2.56 |. Fe 
533 II. 29 \4 1346 12.68 Ko 205 SIr.14 G2 
548 12.87 Go 1389 i242 F7 300 7.9 \o 
549 2.54 (33 300 12.56 Go 
507 13 06 G4 Area 40 323 11.79 Ig 
603 10.24 \3 Voice ; 322 12.2 I2 
O11 10. 37 G4 ” +7 r45 2 327 12.2 B8 
: l ;. D=C a7 ; 
623 11.80 Ig a? 346 II .Q4 G4 
63 11.80 ko 357 10.45 B3 
689 10.51 \4 43 11.94 I*4 3606 10.63 A7 
705 11.97 G7 55 11.18 F7 381 12.09 B8 
743 9.406 G7 60 12.56 KY 401 11.18 AS 
748 10.07 Ao 61 11.65 Go 417 11.94 B8 
70.2 13.34 , 04 12.09 A5 420 11.406 B5 
775 52.67 07 12.09 iy 421 11.94 FS 
779 13.46 70 10.80 A6 425" 82.92 Nb 
705 12.07 75 10.65 (60 428 12.56 \4 
800 13.18 | 84 13.05 \7 451 12.09 \4 
809 EY.45 105 9.90 Ko 495 peek Go 
812 13.46 ¥Ey 11.13 I7 548 Q.32 G8 
816 0.249 142 9.84 Az 587 g.00 B4 
817 Pr. 36 147 11.40 Go 598 | 10.70 A4 
828 12.68 150 10.62 F7 640 | I1.94 F7 
8209 13: 67 152 12.89 Is 683 | 12.09 A5 





* Spectral type from Henry Draper Catalogue 
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TABLE II 


IIA 1o1 


No. 


472 
477 
431 
497 
499 
519 


542 


st 


“I Go 


5, 
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moa! 


590 
602 
603 
605 
O17 
O41 
654 
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3° 
50 


























SPECTRAL TYPES OF FAINT ST: 


HA ror 

M.W. 
OP. 

No. Pg.m. 

Area 43 

23h50™, +44°50' 
l=80°, b=—17 

13 10.16 I 
20 12.89 G4 
30 12.47 I*g 
31 11.80 G3 
37 13.72 I'9 
30 13.05 G2 
43 12.56 G3 
55 12.76 (33 
63 P2057 Is 
66 Il .44 G7 
68 5320 Os) 
74 11.62 F7 
89 EI .10 GO 
93 | 10.47] Gs 
O5 12.17 G8 
ie 8.17 Ao 
I4I 12. 36 G2 
143 11.98 Io 
140 E217 N 
154 13.80 6 
158 10.00 i3 
159 11.98 Ir 
160 13.80 F7 
163 i527 Gi 
109 12.76 8 
170 13.67 F5 
171 11.62 Ko 
173 14.14 I*2 
177 13.67 I7 
178 13.89 I7 
184 | 12.36 A2 
187 b2250 K5 
188 14.01 8 
189 13.80 G5 
1Ob | Tas 2 GI 
192 | 14.01 Go 
104 12.76 8 
1Q5 12.36 G5 
I9g9 | 12.76 8 
202 | 13.09 G3 
204 11.80 Go 
222 11.44 I's 
238 10.55 Ki 
254 E2..56 Ig 
290 a Y Mo 
202 | 43.20 Go 
204 9.75 5 


TABLE II 


Continued 


ITA 101 

M.W. 
No Pg.m ™ 

Area 43—Cont. 
205 14.14 G7 
300 5%. 72 It 
318 bho 27 F7 
325 12.29 Go 
331 13.17 I°6 
332 12.64 Gi 
335 12.89 G3 
338 12.76 G7 
342 It.98 G5 
309 11.80 G5 
374 Et .27 Ao 
200 EE .27 A2 

Area 44 

ob24™, + 30°10 

l=8s"..6 - 32 
9 PE. 74 K. 
14 10.81 Xe) 
17 12.12 Mo 
28 11.80 G5 
81 10.31 GI 
87 10.04 G7 
106 11.00 K2 
163 11.82 I'7 
104 52; 30 F7 
178 11.54 K5 
1832 RS.-17 G2 
185 10.57 ie) 
188 Ir. 6] Go 
Igo 10.85 Mo 
235 12.30 Ig 
239 II .02 Go 
247 12.33 G2 
200 8.78 I3 
205 II .42 GO 
200 II 98 Kt 

(rea 45 

126", +20°10' 

l=101°, b - 32 
tO: | 2:50 G5 
113. | 11.76 A3 
£16: | 15.76 GO 


ARS 


HA tor 
No Pg.m 
Area 45—Cont. 

118 10.95 
185 10.64 
192 10.99 
193 12.45 
201 12.95 
204 13.00 
200 13.060 
207 8.86 
212 10.87 
217 13.76 
218 12.44 
220 2.31 
223 13.18 
278 §2..23 
285 12.60 
2905 13.42 
290 10.74 
309 11.59 
310 13.09 
311 12.65 
3190 E231 
32 12.§2 
323 Nn 59 | 
3090 Il .O1 
304 Bewas 


Un fe 


19 


03 

99 
103 
104 
100 
10g 
112 
113 
121 
132 
Igo 
1Q3 


Area 46 


2°29", +30 10 


=117,,b=—27 
II. 34 
Il. 34 
II .40 
11.67 
II .02 
11.52 
| 41.12 
| 13.94 
i205 
11.24 | 
11.48 
13.30 
II.40 
| 11.97 
II 67 | 
4452 


M.W. 


DP. 





44 





TABLE II 


MILTON L. HUMASON 


Continued 





HA 101 HA 1o1 HA ror 
= M.W M.W. M.W. 
DP. SP. oP. 
No Pg.m No Pg.m No Pg.m 
Area 46—Cont. Area 48—Cont. Area 49—Cont. 
207 [2.05 Ig 310 roy oe Go 714 10.64 Aq 
274 12.20 G3 343 LE 39 Ao 740 E2565 Ag 
o79 [1.38 F7 362 11.36 GO 770 II .O1 B5 
288 [2.52 5 307 [443 K1 705 t2. 76 Ao 
296 11.38 GO 309 IL .Q5 A5 806 12.55 G7 
209 gp co. 8 382 12.76 Xe) 820 1295 G2 
307 9.19 G5 400 [icO5 A8& 840 12.96 B8 
308 1:32 G8 424 | 10.58 Ao 843 10.69 G8 
434 | 11.24 Ao 848 11.18 A4 
889 11.40 Ao 
a Area ah)... Oo7 "| 1.23 G7 
3°23", F300 Area 49 ; g16 10.42 5 
l=127°, b=—21 5h24™, +29 40 : 
l=1m45°,6=—2° 
3 11.47 G3 Pig aap 
30 rr 97 AZ 73 rr: 90 Ao Fea a GH Ry 
=151',b=+10 
2 10.41 Go gI bt. 27 Ag . 
48 11.56 K1 121 7.8 G7 
49 12.54 G3 141 9.94 Ko 83 Q.22 A2 
63 11.406 Gi 283 10.69 G2 86 IL. 38 G8 
70 7.30 Al 301 11.84 5 99 11.38 G7 
78 13.00 G3 316 11.68 5 104 11.68 A8 
83 Il. 49 G5 340 E2255 5 147 9.18 A8 
84 11.49 A8 341 i oe Ye A7 $1 £217 Ao 
85 13.48 K3 344 C2575 A7 164 E2207 Ao 
115 II. 26 G5 363 11.40 Go 109 L237 GI 
1601 10. 34 Go 384 11.76 Go 216 11.08 AO 
162 11.40 G1 388 He ate Ir 217 10. 20 G3 
423 12.35 Ko 306 9.07 jo 
481 fe Bee FS 350 10.42 At 
: Area oe . 510 13.30 Bs 357 12.17 G4 
4°23", 130 10 515 13.25 k2 308 13.38 8 
1=136°, b=—12 519 ee Wy Bs 404 Et. 53 I's 
548 13.25 7 417 12.34 Gi 
25 II.30 Ki 5o3 12.96 A2 420 Ir. 38 8 
80 L0.31 K1 560 13.04 | Fs 25 12'.$2 G3 
83 E2055 7 565 13.72 | 4 428 II. 11 G7 
rr2 [1.57 G8 570 2.55 F2 440 EE.IS 2 
116 it. 32 A3 575 [2.35 Go 442 13.09 G6 
136 12.43 Al 585 11.98 Ao ASO. pre K1 
140 12.76 Go 601 9.93 <5 460 13.09 8 
156 II.00 G4 630 12.07 Fs 462 £2.21 G8 
170 ey AL Ao 640 II .09 F7 72 PE <2 K4 
199 II.Q5 G3 643 10.97 Gt 481 11.84 G8 
256 II.95 A3 648 12.96 8 404 E257 Go 
257 12.76 F7 662 12.96 | G3 504 II.20 Gs 
209 12.97 Xe) 680 10.28 8 505 12.82 I’o 











13.51 
12.07 
12.82 
11.38 
T2147 
12.00 


12.00 
10.88 
11.84 
13.17 
13.60 
13.87 
11.84 
13.01 
12.34 
8.09 
13.23 
10.01 
12.63 
12.63 
12.82 
13.38 
52.7 
£2.27 
iy ee 
Il.29 
II .53 
10.49 
11.68 
9.84 
[3,21 
12.34 
11.38 
13.09 
12.03 
12.45 
12.82 
11.84 
13.51 
13.42 
12.89 
12.89 
12.34 
12.52 
12.03 
12.00 
12.00 
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410 
428 
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Pg.m 


Area 51_ 
7524™, +30°0' 
l=156°, b=+22 


TABLE IIl—Continued 


19 | 


06 | 


8o | 


30 
22 
02 
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36 
29 
2 
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$7 
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05 
10 
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o8 
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Area 52 
8) 26™, +30 0’ 
l=161°, b=+35 


8 
10 
10 

8 
II 
II 
12 
10 
10 
Fz 
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94 
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SPECTRAL TYPES OF FAINT STARS 


Cont. 


HA tor 
No. Pg.m. 
Area 52 
309 | 11.49 | 
312. | 10.99 
328 | 13.45 
334 | 13-75 | 
337. | 11.12 
343 | 13.40 
358 | 13.84 
363 | 11.14 
379 | 13.32 
427 | 8.35 
453 | 10.68 
457 | 11.63 | 
459 | 12.35 
462 | 12.35 
400 | 12.72 
499 | 12.53 
519 | 10.88 | 
534 | 12.53 
539 | 11.45 
548 | 12.53 
555 | TF!-43 | 
Area 53 
oh2s5™, a 
= 164°, b=+47° 
45 II. 32 
oo | EEvar 
50 | 11.69 
112 | 9.81 
125 | I1.53 
130 12.04 
E3m | 32.30 
134 11.65 
139 | 12.79 
193 12.84 | 
194 12.68 
1g) | 9.70 
199 | 11.53 
203 13.00 
207 | 12.84 
208 | 12.94 
215 | 13.48 
217 | 9.98 
220 | 12.10 
283 | 11.82 
388 | 9.13 








tN 
wn 














HA 101 


No. 


Pg.m. 


MILTON L. HUMASON 


TABLE IIl—Continued 





Area 54 


1o'24™, +30°0' 





l= 166°, b=+60° 











II | II.04 Fo 
13 | 11.60 F6 
14 | 13.68 Go 
iQ | -12504 Go 
21 | 13.36 G2 
22 13.23 G2 
23. | 13.45 Go 
26 | 13.92 Gi 
28 | 13.68 | G3 
29 | 12.28 | G2 
66 Po87 Fo 
70: | 25260 Go 
72 | 12.56 G6 
73 | 13.54 7 
75 | 13-78 Ga 
76 11.77 3 
77 | 142.90 G4 
78 | 14.07 | F7 
118 12.45| G8 
124 13.83 G2 
125 12.63 | G6 
126 B60 | G3 
152 12.45 | Go 
187 12.82 G3 
188 12.94 G5 
Igl 10.70 Ko 
200 $53; 3 
201 10.63 | G7 
235 11.43 G5 
239 732 G7 
240 13.50 | F8 
243 9-53 | G7 
246 | 10 81 | Go 
249 | 12.04 | Go 
Area 55 
11h30™, +30°0’ 
l= 166°, b=+74° 
———— 
12 10.90 G3 
14 11.36 G5 
21 ET.3% K2 
23 1x66. | “Ge 
26 It.37 Gr 
30 10.84 G3 
690 13.59 | G1 





HA tor | 
mes ii _| Mw. 
| Sp. 

No. Pg.m 

Area 55—Cont. 

7 
7O | 12.83 | G1 
73 | 13.84] Go 
wa | TPO | Fo 
75 12.64 | GI 
78 E2252 || G3 
109 bt37 | F5 
113 13.42 | Go 
ria. | 22:02 G3 
r16- | 12.76 | F7 
118 | 10.82} G8 
120 13.50 | G7 


Area 56 


11558™, +29°40' 
l= 163°, b=+80’ 


12.20 | 
70 | 
2 | 
12.57 
I2.02 
z2 | 


II 


I2 


13 


11.04 | 


Area 57 


| 


GI 
G6 
Go 
G3 
Gi 
G5 


13hgm, + 305 °’ 








l=30°, b=+84' 


HA 101 | 

| MW. 

Sp. 

| No Pg.m. 

Ss — 

Area 57—Cont. 

| | . 

220: | £2.67 Go 
225 12.260 F8 
240 11.8Q | G4 
242 | 13.57 | FS 
248 | 11.89 GI 
250 | 11.89 fe) 
52 | 42:07 | Go 
268 | 11.89 Ki 
269 | 13.25 I's 
276 | 12.67 a 


Area 58 
T4hom, +20 40’ 
l=12°,b=+72 


2 | 12.07 G2 
3 12.07 GI 
4 12.70 Go 
rs | Bre Ko 
93 | 12.07 | i) 
98 | 12.44 | M5 
100 | 12.50 6 
102 | 12.07 Gs 
104 12.79 F7 
153 11.06 | G5 


Area 59 
rsh2m, + 29 50” 
l=13°,b=+59 


24 II .93 G4 
20 10.97 | I'4 
gr | 7.89 AS 
o2 | 03.34 Go 
98 £277: | G2 
oz | «+£2.38 Gt 
108 | 10.01 | G8 
161 | 12.2: 8 
170 | 13.51 | G4 
0 | 11.55 | Ko 
toe | 29 F7 
198 | 9.34 | "5 
218 | 10.74 | G8 
238 | 9.65 | GI 
253 | 10.46 \8 
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TABLE Il—Continued 


IIA ror IIA 101 HA 101 
M.W. : M.W. =. ; 
| Sp. Sp. | | Sp. 

No. Pg.m. } No. Pg.m. No. Pg.m. | 


| Area 62 
Area 59—Cont. {| Area 61—Cont. T7455™, + 30°0' 
|| | l=24°, b=+23° 














254 rr. §S.| G4 || 221 11.58 Ko || 180 | 9.76 | A6 
258 | 11.37 | F6 || 225 12.42 G8 || 317 | 11.64 | A2 
275 12.95 | G2 | 228 12.94 Gs || 347 | 11.88 | A7 
an7 | O34 F4 || 229 13.07 G2 || 361 | 8.71 | F3 
283 | 11.63 F8 || 232 £3.21 Ko || 385 | 12.22 Go 
289 12.06 Fo | 233 g .06 F2 | 409 | 10.36 | A5 
295 | £3.70) | G7 || 234 | 12.98 G7 | 572 | 12.75 | F8 
304 10.79 | Fo || 243 12.76 5 584 | 12.57| Fo 
308 12.59 Ko || 245 11.58 Go 587 | 12.05 | G3 
391 | T2250 G6 | 248 8242: | G8 || 589 | 11.88 | K5 
298 | £3.70 Go | 277 12.42 G4 | 590 | 13.12 | GI 
302 | 32:05 ] er | 278 11.66 G7 5908 | 11.88 | F5 
450 11.97 | Go || 279 | 12.42 Go 599 | 10.94] AS 
72 11.66 G2 || 285 SE.53 K4 || 603 | 11.88 | F2 
| 287 | 11.28]| Mo || 605 | 12.39 | Gg 

1] 289 13.68 | Go | 607 | 12.93 | F6 

Area 60 _ : | 290 12.10 G7 | 609 | 13.73 | F8 
1550", + 29 50 | 204 13.44 G4 610 13.12 | F5 
l=15°,b6=+47 308 13:07 G6 || 613 | 12.22! Mo 
311 13.77| G3 620 | 12.05 | F8 

80 11.41 | G8 || 312 | 10.51 | F6 || 629 | 13.24 Fs 
97 12.24 | Ms | 314 | 13.63 | G8 636 | 10.16 AS 
105 12.07 Fo || 317 1377" | G6 || 637 | 12-39 G7 
154 Ir .30 K4 || 318 10.97 | 419 640 | I1I.79 K5 
155 11.23 | Ko 323 10.13 F5 || 648 | 12.05 F6 
107 Io. 20 Go || 325 13.52 | G3 658 | 9.89 4 
169 | 10.54] Fo || 326 13-87} Gs |; 065 | 13.61 Go 
172 | 12.971 G2 | 327 14.02 | G7 | 668 | 13.32 G5 
175 | 12.78 G2 || 328 | 14.17 Go | 794 2.22 G3 
242 | 11.37| Kr || 379 | 13-63 G8 | 800 11.88 K1 
243 | 11.34 | G2 || 381 11.19 | K3 || 801 12.93 Mo 
Mle F7 || 384 | 11.95 | Fo || 822 13.52 F7 
200 | 8.04| Ki || 385 10.83 | F4 | 827 11.68 G3 
325 9.97| Ko || 386 | 10.86 | Fr || 833 12.57 G6 
Bis nec 3 388 10.43 | F2 | 834 13.73 G2 

204 | F427 | G5 | 839 12:57 G2 

Area or 1] 308 12.63 | G4 | > s {Ao 
16h59™, +30 o | 30909 | 13.68 | G3 | “9 ta \G8 
I=19", b= +34 | 404 11.66 | ‘5 || 861 12.39 Ko 
So ae 12.42 | F8 |} 869 13.20 Gr 

122 | 12.98] Gg } 476 11.23 | Ko || 870 | 13.32 G3 
124 | 10.32 | G7 || 479 13.10 | G7 872 | 12.05 K4 
125 | 12.72] Gi || 485 13.07 | G5 || 874 | 11.88 Fs 
212 | 10.37 | Fz | 489 | 13.21 | Go || 877 | 11.01 5 
217 13.87 | Fo | 490 12.98 | G6 || 880 | 12.39 A8 






































248 MILTON L. HUMASON 
TABLE II—Continued 
HA 101 |} HA 101 | | ITA 1o1 
= | M.W. || a = 
oP. || | SP. 1] 
No. Pg.m. | || No. Pg.m. | | No Pg.m 
| | 
Area 62—Cont. Area 63—Cont. | Area 64—Cont. 
1] 
| aaa 
| | 
881 T3262) Fr || 481 1263 | Ko | 213 II .04 
808 12.93 | M2 ] 490 12.38 F5 || 219 12.98 
908 13.24] G4 | 506 12.83 F7 || 222 11.63 
935 11.29 | F7 lee 12.38 G4 224 10.93 
942 | 9.96} Aq || 513 II .95 Gs || 239 9.32 
1026 | 11.43 | K5 |} 518 8.90 A2 1 263 12.28 
1043 10.13 | G8 || 519 10.40 A8& || 344 13.01 
1080 11.55 | Fy || 528 13.08 Fo 347 11.88 
1082 II. 33 | Gr || 531 13.40 F8 || 375 LT ast 
1099 12.05 | G4 | 535 | 11.81 Fo || 382 10.66 
1107 10.14 | G3 539 II .40 A5 | 383 EDLs 
1113 12.57 | G8 | 542 | Ir. 26 Fo | 390 LT. SF 
1126 5257 | G7 || 546 | 13.30 | G7 || 404 II .00 
1147 10.56 | A5 ] 556 10.98 Fz || 455 9.16 
es ee ek ee 13.70 G8 || 581 12.28 
|} 561 13.14 G4 || 583 11.75 
_ Area 63, | 566 11.26| G5 |! 609 12.01 
19 % +300 | 571 IIl.12 Fr || 640 Il .05 
l= 29°, b= +10 | 576 10.58 F6 || 706 10.44 
ea ere et 6 aS 10.87 K5 1 710 12.58 
69 11.62 | i 586 12.09 G2 || 733 II .04 
7 11.81 G8 || 7o3 | 11.67 Fs || 744 12.74 
103 11.12 Aq || 709 10.40 F5 | 707 11.63 
105 10.48 A7 | 726 10.00 G5 ] 772 ED .03 
113 10.90 Fre || 751 10.28 A7 || 776 12.43 
118 10.96 San 752 | 10.38 re | 779 10.95 
119 II.40 G3 || 756 | 12.24 | G3 || ~=—s782 L502 
144 it.73 Fo || 761 | 10.69 | Kr || 790 12.14 
153 II.02 G4 | 764 | 12.38 | F8 || 806 12.74 
203 11.12 Ms | 786 | 11.81 G4 || 808 12.58 
226 9.15 | 787 | 9.90 | Kr | 809 12.14 
240 13.05 Fo || 802 | 11.26 | Ao || 826 12.20 
275 13.24 i ee Sea See, 8.12 
278 11.81 F8 | Sar 12.14 
284 12.99 Aq || Area 64 i || 853 11.63 
291 13.14 Fo || 19"58™, +300 | 867 10.89 
292 10. 36 Ag || l=35°,b6=—1 | 868 12.58 
301 13.81 A | Neeeeceenccces « 876 13.08 
303 11.95 Fo || os | Ghee As || 883 12.43 
305 11.52 F8 || «11 | 10.64 Ao 884 12.74 
309 II .Q5 Go || 122 | 10:46 B8& 886 £2.52 
312 14.01 G3 || 143 | 411.51 Al QI 12.14 
320 11.81 G2 | 149 | 10.84 K5 035 12.91 
338 | 13.56 Fz || 174 | 10.62 As 936 9.07 
358 13.14 Fs |] 189 | 10.62 A3 941 12.43 
359 12.53 G4 204 | 9.06 A3 || 967 11.75 
386 IT. 53 Go ] 209 11.88 | Ao | 1005 11.02 
| | 
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TABLE II—Continued 





















































HA 101 | | HA 101 , 
odtadéiecn mente | M.W. || M.W. || MW. 
| Se. | - - Sp. 
No. Pg.m. | | No Pg.m. | No. Pg.m. 
} | 
| Area 65 cS 
Area 64—Cont. } 20%s59™, +30°10 | Area 65—Cont. 
| 1=43°, b= —12° | 
1007 | 10.36 | Bo | 40 12.25 | F3 404 | 10.68 G5 
IOIT | 12.39 Aq | 47 12.25 | G8 406 | 11.38 G7 
1026 | 10.60 | F2 | 75 12.25 | Mo | 409 | 13.20 | G1 
1104 | II.51 Ao || 80 12.08 | G6 || 410 | 14.08 G7 
1174 | 10.29 B3 | 07 BE<§S | F4 | 415 | 13.83 | Mo 
1176 | 11.88 | F7 | 105 11.20/ G2 || 419 | 12.60} M5 
17g. | FECES A3 | 106 12.25 | G4 || 423 | 11.90 | G3 
1187 | 10.87 \o || 120 11.73 | Ko ! 430 | 12.78 | K4 
1188 | 10.86 B5 | 123 | 12,60 G4 || 433 | 12.78 | Go 
1218 | 11.01 | Bz Oi] 152 II.10 K5 } 435 | 13.62 | Go 
1200 | 12.01 G3 CS 176 7.7 A3 || 456 | 12.08 | G8 
1263 | 13.01 Kr 188 12.95 Fo || 467 | 11.03 | Go 
1265 12.58 Fo 198 12.43 Ms || 408 | 10.34 | F4 
1275 | 10.83 Bo 208 £313 G2 | 539 | 11.73 | G7 
1282 | 11.75 Ao 215 13.58 K3 | 543 | 12.08| Ao 
1290 | 12.74 F8 227 II.90 Go | 540 | 11.03 | F6 
1298 | 11-23 Ao || 231 EE. S§5 Fo | 566 | 13.09 | F7 
iso7 | F227 | Ao |) “agg, | -waeag FS | 577. | 11.80 | F3 
1320 | 12.14 Al 235 | 13.65 F4 | 586 | 11-31 | G2 
1324 II. 39 F6 247 9.04 | hi 
28 j m4 
was | res) Bs ae | apse] Ke Ls ares 
< « < - Pe) e 2155gm™, + 30°10’ = 
1352 12.74 8 247 10. 36 *5 lasxd® bean oat 
1353 | 12.84 G2 250 12.88 F8 535 
1357 | 12.84 F7 | 254 E2. 71 Ms | ; 
1358 12.40 A2 || 260 13.76 G8 286 10.50 Go 
1374 9.79 G7 263 13.65 K2 || 316 | 12.46 G7 
T3282 |} 277% F6 273 13.83 Fs |i 333 12.29 G3 
1387 12.43 I4 276 12.7 F2 334 II. 36 K5 
1389 12.98 G1 278 12.08 Ko 336 10.02 AS 
1304 Tr. 24 | A2 270 13.83 G2 348 12.29 K3 
1427 | 13.01 | F2 280 13.20 F8 || 358 11.56 Mo 
1429 | 12.01 G8 | 284 13.76 Kr 360 12.63 G7 
1434 | 12.43 Gs || 286 12.88 £5 363 12.80 Fo 
1435 12.37 F5 288 11.73 F8 366 12.20 F8 
14607 12.43 5 303 II .02 K4 379 12.46 Kr 
1469 i2..42 F3 310 12.43 Go 397 12.52 Ao 
1483 11.63 G2 354 8.6 F3 412 12.12 G3 
1485 12.01 G3 360 13.537 F7 | 414 12.63 G8 
1645 II.14 G8 305 12.74 G6 415 12.12 G5 
1704 11.75 A2 372 12.78 F8 531 II.14 F7 
1732 EELS] B2 376 12.60 F8 549 12.12 GI 
1838 II.14 Bs 380 12.78 Fo 550 12.12 G2 
1862 12.37 F7 390 13.41 Fr 555 12.70 F8 
IQIg | I1.03 Ko 392 13.13 AI 565 12.29 G2 
393 13.20 Ko 566 13.33 F8 
398 12.88 Bs 568 12.63 G2 





























L2t 
134 
151 
162 
1060 
173 
2009 
221 








HA to1 
a ee _| M.W. 
Sp. 
No. Pg.m. | 
Area 66—Cont. 
509 E232 K5 
584 ir <70 K2 
586 9.68 G4 
591 13.91 | GI 
596 12.63 GI 
597 12.46 G7 
610 II.29 F8 
719 8.9 A6 
730 11.47 G7 
751 12.70 G4 
706 11.56 ro 
782 2,03 Go 
809 12.63 A3 
814 12°62 G2 
827 8.5 A4 
833 12.97 Go 
836 10.25 G3 
874 cr 27 Ao 
1081 12.12 Fo 
1093 I1.30 


Go 


Area 67 


If 
10 
I2 
IO 
II 
IO 
i 
IO 
II 
12 
I2 
Io 
II 


/ 


8 
Io 
13 
13 
I2 
Io 
8 
I2 


23h1™, +30°10’ 
1=65°, b= — 28° 


30 | G3 


97 | G3 
18 | Ao 
Q7 | Ki 
69 G2 
>| F2 
69} F7 
74 I's 
II | G3 
66 | 6 
74 | Gr 
Z5 | K4 
69 | FS 
78 | Ag 
81 | Ao 
97 | G6 
24 | G2 
28 Go 
54 | F7 
wi Fy 
98 G2 
oI | G 


TABLE II—Continued 


ITA 101 


338 
339 
340 
304 
390 
400 
405 
407 
409 
4II 
415 


Area 67- 


=79°, b= —47° 


Io 
I2 
I2 


MILTON L. HUMASON 


M.W. 

SP. 
m. | 

Cont. 

47 | ie) 
62 | Go 
18 | G3 
70 | AZ 
36 | GO 
18 | G1 
54 | F7 
07 F7 
03 | G5 
03 | FS 
54 | Go 
54| G3 
97 | Ao 
54 | Fo 
19 G3 
26 | Ao 
47 | G3 
47 F7 


Area 68 
ofr, +15°10’ 


Io 
I2 
13 
I2 
II 
i 
II 
8 
9 
10 
13 
9 
13 
IZ 
II 
13 
I2 
12 
fe) 


Ca 


/- 


12 
II 
12 


32 


42 | 


27 


82 
84 
63 
59 
18 
82 
O5 
66 
45 
O02 
II 
72 
22 
42 
19 


42 
.24 
22 


16 | 


84 | 


G6 
Fo 
Ko 
Go 
6 
Ko 
Ao 


HA to1 


l=102°, b= —47 
118 | 11.36 
125 | 10.72 | 
128 11.03 | 
20 10.72 | 
131 II.Q2 | 
152 12.21 | 
198 12.51 | 
200 | 7-97 | 
202 | 13.90 | 
203 | 13.62 | 
204 c2577' | 
205 13.90 | 
206 1t63: | 
207. | 12.25 
are | (966 | 
243 | 10.56 | 
ae7 | 13.55 | 
250 11.54 | 


Pg.m. 


Area 68- 


thy5m™, +75°r0' 


2h76™, a I Cao 





Cont. 


Area 69 


Area 70 


G8 


l=121°, b=—42° 


It2 
116 
T2I 
120 
127 
152 
156 
105 
168 
205 
208 
215 
222 
223 


meme: 


| 





12.37 


II 
I2 
II 
II 
12 
12 
12 
12 
II 
II 
II 
II 


/ 


07 


55 | 


33 


- 33 


oe 

37 | 
02 

02 | 
oO | 
50 | 
10 | 
33 | 
63 | 


F7 
Go 
Gt 
GI 
Fo 
FS 
Ki 
G2 
Go 
Ko 
Go 


AI 
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TABLE II—Continued 
HA 101 | | HA 101 HA 101 
beth Mow; fi : M.W. ae ae M.W. 
Sp. Sp. Sp. 
No Pg.m | | No Pg.m. ’ No. Pg.m. | ' 
| 
SS ee | —E — — — —_ ——— ———— —_ 
Area 71_ , | Area 74 
3hri™, +150 | Area 72—Cont. 6hr5™, +15°10' 
1=135°, b=—34 | | 1=163°, b=+1° 
89 P2213 K1 | 1g | 13.82 | 4 23. | 9.27 | A4 
oO. | -9-7O G4 || 130 | 6.82 | Fz | 54 | 9.89 A3 
93 11.42 Ao ro | 22.78 | G6 Ss | 32.27 G5 
94 12.32 I's | 161 | 12.63 . 5 86 | 11.36 A6 
100 | 11.05 3 || 164 | 12.14 | A6 89 | 12.64 Fo 
137 | 10.84 | A3 1 166: | ‘13.82 | Ig 150 | 8.61 F8 
151 11.93 Ko | 167 | 2.90 | 8 180 | 10.30 i'2 
153 | 12.52 G3 | 178 | 12.90 G7 198 | 11.36 | I4 
Eso | Fg. Eu | G5 | 204 | 12.90 AS 207. | 13.66 | K1 
100 | 12.52 G4 || 207 | 12.51] M5 211 | 8.86 Al 
101 13.32 Io | 219 | 10.28 4 222 | 11.98 Fs5 
162 12.52 G8 ] 229 | 11.58 | K4 227. | 10.97 A7 
105 | 12.72 + aoe © 220 11.44 | \2 
170 12.52 | G2 || 230 | 12.92 G3 
200 2.52. | Go || 236 | 11.56 A3 
203 12.39 Go || Area 73 242 | 11.08 G4 
205 g. 30 G4 || 5'14™, +150 247 | 12.53 G8 
207 10.89 G2 || l=156°,b6=—11 | 264 | 11.80 G2 
209 11.93 AS 1 205 | 11.66 G3 
210 12.92 | Gz ||————— —|| 267 | 11.98 As 
21r | 12.44 Gr || & | -weet “a 270 11.80 A8 
213 12.52 ro || 19 | 11.02 | F7 279 12.34 Gi 
214 14.46} F8 | 4a o-a8: rg || | 330:«|:~=sr2. 16 “Aa 
210 4-8 Go } 52 II 40 Fo 330 «| ~+r2.34 F7 
217 11.11 K4 fog | ora. G1 353 | 11.50 A3 
ee) a me | ee) Re ee 
vs wa, - 89 11.38 | Fr 379 | 12.84 FS 
any sath ac Gs | 110 12.51 G7 381 | 13.53 G4 
257 9.07 Gs | 112 12 34 F4 384 FI. ¥2 F3 
200 | 11.93 | GO | 114 13 44 G2 407 11.51 As 
263} 12:32 | Ko ! 135 sae I> 4og | 13.32 Fo 
272 13.51 F8 || 138 pe 04 | re 421 | 13.41 5 
270 11.93 Ao 153 ‘ 97 | Fe || 423 | 11.98 G5 
252 13.51 | F8 || 1a | 42 + | Gs 427 11.98 A2 
285 13.91 5 136 | 11.38 | Ke 433 13.20 \o 
295 13.71) 7 202 12.68| G7 || 434 12.72 4 
295 14.25 G4 | 208 12.17| Gg |} 44! 1.45 F7 
209 13.79 I°3 || 210 12 68 F6 481 11.98 \3 
go2. | 1.93] Kr | 214 13.53 ce. f soe IL.05 G7 
| Ko || 225 | 12.34 G8 || 537 | 12.16 K3 
eo 227 13.04 Gr || 547 | It.24 G5 
Area 72 242 12.97 G3 || 57 Ir.51 Fs 
4h1o™, +15°10! | 246 13.66 M> 576 II.QI \o 
1=146°, b= — 24° | 275 ET .2: Fo |} 59! 10.83 7 
ee = 288 12.68 F5 |} 599 9.93 Go 
106 12.14 K2 | 339 12.68 Go || 
III 12.00 A4 | 353 11.85 | G4 
































































HA tor 
M.W 
Sp. 
No. Pg.m. 
ee 
Area 75 
7>r4™, —+Is 10° 
1=170°, b=+14° 
eam ee 
21 10.88 A5 
28 II.12 F8 
225 8.74 Ao 
263 II .62 F2 
264 II .94 G2 
268 12.42 A4 
27 11.78 F3 
204 9.37 K2 
301 12.26 F2 
309 12.10 F5 
311 12.10 Go 
370 I1.62 G4 
410 11.62 F7 
435 |° 11.55 Fs 
430 9.33 K2 
485 6.47 A2 
490 12.42 Fo 
519 12.93 F8 
522 nL.67 F3 
534 11.78 Ko 
542 12.50 Ms 
554 11.88 G8 
571 II.94 F8 
572 II.94 F8 
584 11.04 G3 
585 12.59 G5 
626 8.20 A3 
639 10.07 Al 
649 10.91 G7 
669 10.96 A6 
674 12.26 K2 
685 12.59 G5 
702 II. 24 K3 
722 9.72 G8 
725 II .62 F5 
727 12.59 A6 
7406 11.78 G7 
ae een, DCE 





Area 76 
Sh I 5™, + I sor 


1=177°, b=+27° 


4 Ir .60 Fo 
6 8.1 G7 
8 12.14 Ko 
II II.50 F7 


| | 
SSS eee 
| 





Area 76—Cont. 





ag 12.64 
28 | “Os 
30 12.14 
33 12.57 
34 Il.: 
39 12.5 
44 12.9: 
45 10.5: 
50 Ex 
560 rt. 
59 12 
95 IT .0; 
97 ri, 
104 II 
107 iS. 
109 rz. 
112 13.49 
rp a II.9 
II5 13.5% 
116 13.32 
117 13.96 
118 13.12 
IIQ 13.74 
124 11.82 
I3I 12.14 
167 9.65 
173 12.64 
175 12.82 
180 13.12 
186 13.74 
193 11.98 
194 b2' 58 
195 13.32 
197 12.04 
215 9.71 
268 12.14 
283 9.09 
a 
Area 77 
g'ro™, + 14°30’ 
1= 183°, b= + 39° 
4 11.75 | 
5 10.95 
58 II .gI 
59 12.97 








F6 
G3 
AS 
F2 
Kr 


TABLE I1—Continued 


MILTON L., HUMASON 











61 | 13.11 | 
62 II. 20 | 
67 1.27 | 
69 | 12.64 | 
73 | 32.75 | 
76 II.10 | 
77 | 13.04 
82 13.04 
| I24 | 12.22 | 
126 13.49 | 
129 12:30 | 
138 II or | 
183 9.71 | 
| 194 | 8.57 





| 1=192°, b=454° 
| 





Area 78 
1O"13™, 4+ 75°10! 





190 11.58 | 
196 age 
238 10. 34 | 
243 12.53 | 
248 | I0 31 | 
249 | 9.43 
252 9.52 

256 | 11.48 | 
310 | 33 35 | 
312 | 12.60 | 
313 13.80 | 
318 | 12.72 | 
319 12.60 

321 | 9.89 | 
322 | 12.60 

368 | 11.16 

372 | 11.88 | 
378 | 12.68 

384 | 31.81 | 


I 


Area 79 
rhy7m +14°50’ 


1= 208°, b= +67° 


I51 
104 





10.78 
12.83 





G2 
F4 







































































SPECTRAL TYPES OF FAINT STARS 253 
TABLE IIl—Continued 
= ——— ————————— 3 | 
HA 101 HA 101 HA 101 
ia EB tne anata ere M.W. ee ieee ae. |e sa eis eels = 
F Sp. ; Sp. : | Sp. 
No. Pg.m. No. Pem. | No. Pg.m. 
Area 79—Cont. | Area 80—Cont. Area 82—Cont. 
| 
| | | | 
ett, | RORs G2 231 13.48 | G4 99 | 14.37 | F7 
210 | 10,72 BS 232 12.26 | F8 100 || 11.28 | G2 
222 14.30 Go || 233 11.58 | F7 ior | 12.97} 142Gr 
225 g.09 K4 || 235 12.41 F7 | TOS. | 33.37 F7 
226 13.08 Go | 236 17.75 F8 || 107 | 12.22 Go 
227 12.03 G2 || 239 12.26 | F7 108 11.40 Gr 
228 10.76 F8 || 243 12 Is 110 3%. SI G5 
257 12.03 F7 || 244 11.27 | I'4 III 11.28 F8 
265 $2.39 Fo || 245 II.12 G8 I4r | 12.50 Go 
271 12.72 F7 | 246 10.57 K2 147 13.98 Gi 
a5 11.26 I4 | ae eee 152 4.55 G2 
I 13.62 Fo |i ; 155 11.8 G 
316 | 14.23| FB | Wg 7 | ages) Ge 
317 | 14.52 G4 | ee Te 158 | 13.19] Kr 
319 | 13-44 re sie ail Bate 163 | 13.65 | G3 
320 14.34 a TO] — if te ae 
325 14.27 Gs || 215 | 9.81 | Ko 200 | 11.36] Ka 
349 / > | I | : } 
327 14.82 Gs || 226 | 11.47 | F8 206 | 13.06 | F7 
330° | 12.03 G2 | 250° | ‘32.08 | Ko ee ee le 
go9 | 3avae G2 | 264 | 12.109 | Ag 
333 | 11.62 G3 265 | 12.55] Fs || Area 83. 
335 | 13-44 G2 || 271 | 10.03} Ko 15"9™, +14°50°. . 
330 | 12.97 G3 || 272 | 12.92| F7 | 1= 347°, b= +53 
372 | 10.36 rc Ff 293 | oH | G2 NIT TaN IRS ace 
373. | 13-55 F8 || 275 | 12.01} Go |} 25 | a1.40| Ga 
376 | 11.87 F5 |} 300 | 9.96} G7 || 49 | 10.34 K4 
377, | «11.87 F5 |} jor | 11-65] Fo || 50 | 11.23 Ko 
in an ee ae le ee G2 
Sains | 300] 32-85) OF? | x03 | raz] Fo 
r2hy2™, +15°o! | . % | ; pee | K wate | 13 — ie 
jun geet bmn ott et | ce) Sg | tea) 
240, 7 323. | 13.46} Go | 116 | 13.45 Fo 
tt eS ee 
119 | 11.81 Kr || 395 | 1 83 | Ko || 120 | 13.06 G1 
125 | 11.81 J a a | 122 | 13.45 G2 
5 26 *§ : ; a 5 , 
| eat re a | seer 
san | SBcae Gi | Fos 14) : hae 131 | 11.16 Mo 
163 | 12.71 F7 “sore ve 133. | 10.22 G1 
164 | 12.56 Go cone =| acum) all 135 | I1.34 G1 
193 13.64 | G3 30 | LP. 17 K2 | 145 | 11.09 F6 
196 | 13.48 | G5 ay A aan yaad G7 | 197 13.06 Go . ‘ 
197 | 12.86 | Fo || 36 | 13.19 | G2 | 213, | 13.45 G6 
198 | 13.32} G4 37 | 11.28 Gr |} 215 12.67 G3 
200 13.01 | G5 40 | 2.22 Go 217 11.88 G6 
203 | 12.11 | Ka go | 13.19 | G4 | 220 | 12.07 G1 
204 | 13.32 | G7 | 95 | 13-19 | Fo || 284 | 10.78 G2 
u | | | 
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TABLE II—Continued 


HA 101 







































































| i] 
| | HA 101 {| HA 101 | 
is a | | rr ae M.W. ||. see aren M.W. 
2 Sp. : Sp. || ‘ Sp. 
No. Pg.m. | No. Pg.m. | | No. Pg.m 
| 
|] 
Area 83—Cont. Area 85—Cont. } Area 85——Cont. 
| | 
| | | | : 
287 | 12.27 Go || 154 | II.45 | Go || 540 LES OF K5 
289 | 9.21 | Fo || 183 | 11.63 | A2 || 550 7.5 Ao 
203 | 12.47| F8 || 201 79 | & jo 3 : 
302 | 10.84 | Go || 205 10.53 | Ag | ae 
| 1 257 8 : | “4 | ons oe 
> | 247 11.81 | Yann) , 5 
Area 84 | ! rid 12.89 | M3 || l=10°, b=+13° 
165r2™, +15°0’ {| ee eT ij? eee 
1= 357°, b=+40° | 273 12 97 | x0 
357 | 275 13.80 | G3 | 38 10.35 | A6 
| | | 278 13.06) G3 || 118 11.37 | Fs 
358 | 10.29 Go || 282 12.57 | Go | 120 11.93 | Gs 
424 | 11.33] G3 |] 284 9.75 K4 | 124 11.741 F3 
433 | 202d5 | G4 || 286 13.62 G1 | 153 rr 28' | Co 
435 | 8.65 | Fo | 287 11.45 | Gs || 163 11.20 | I's 
439 10.93 | Ks || 300 T2.00 | Ao || r7s 11.18 | AS 
450 | 13.16 | F8 || 308 | 12.50 | G8 182 | 11.74 | G7 
450 | 13.44) Gs |) 310 | 12.77} G4 || 26r | 12.98] Gr 
518 | 12.86 | G8 || 3ir | 11.81 | G2 || 279 | 12.50 | Ks 
523 12.39; G2 || 318 | 11.63} F8 | aor | 13.72 | G8 
527 13.40 G4 | 32 11.45 | 6 204 10.66 | F7 
542 1.85 |} F4 368 12.57 | Fo |} 297 13-79} G3 
545 13.24 | 8 374 12.57} Go |} 303 13.70] 4 
547 13.32 | Ga 376 12.57 Gr || 305 13.91 | G2 
607 11.33} Fo || 380 10.74} G2 || 373 12.90} Go 
609 11.33 | G2 || 382 2.57 | ‘Go ] 319 11.74 | 4 
629 £3.52 | G3 || 390 11.81 | Fg || 322 11.74 | K4 
631 13.20 | G6 || 392 8.82 G4 || 325 | 12.31 | G1 
632 11.33 | Fr || 305 13.31 | F7 341 | 11.27 G8 
634 | 12 03 | G8 | 398 13.96 | G5 | 343 | 13.50 Ce 
636 | 10.89 | K4 || 399 | 14.00 | G3 || 3st | 13.18 | Ge 
638 | 12.03 | Fo || 402 13-18} G5 || 359 | 12.20] Go 
639 | 13.65| F8 || gos 12.77 | ‘5 || 363 | 10.24] G6 
644 | 13.12] Ga ] 407 13.10 G7 || 370 | 12.70| G4 
646 | 11.85 | G7 | 410 | 10.77 G7 | 382 11.93 | G8 
655 | 12.21 Ko || 425 | 12.00 F7 || 404 | 12.12] Go 
7ar | 22003 G6 || 434 10.26 Ko | 415 | 12.12 | F7 
725 11.68 | G4 || 444 10. 39 Fo |) 446 11.37 | Ky 
746 II. 33 | G2 || 483 10.98 M2 | 440 10.70} Kr 
| 497 12.89 G8 || 45s 11.16 | Go 
. | 502 13-72] F7 | 46x 12.70 | G8 
hom tis’ | S03: | 12:57) GO 403 | 12-90] Fs 
ie4° le 595 | 12 57 | #1 1 404 13.38 | G7 
’ | 506 | 12.38 | G2 || a7 13.22|/ G8 
peercceea 5Ir | 12.38 | K3 | 4790 | 33.10 | G4 
136 8.0 | F4 | 527 10.05 K5 ] 482 | 12.90 | K3 
139 11.45 | Fa | 536 11.63 Ko | 484 13.30| F8 
153 12.00 | F7 ] 538 10.74 | 6 1 485 12.50 | G6 
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TABLE IIl—Continued 



































HA to1 HA 101 HA 101 
M.W. ; M.W. Ocal P on oe eh M.W. 
| Sp | Sp. | Sp. 
No. Pg.m. | | No. Pg.m. | || No. Pg.m. 
| | 
= —__— |} 
| Area 87 
Area 86—Cont. | 1ghri™, +15°0' | Area 87—Cont. 
1 l=17°, b=0° | 
, | eo § Poe af 
487° |) .¥3:62 G2 || rE | = «OsO7>! Fo | 594 10.16 Ao 
489 | 13.50 G4 || 25 | 10.63 | G2 || 602 12.84 Fs 
492 | 12.12} M2 || 28 9.14 | G6 || 612 12.84 A7 
494 | 12.50 | Kg || 77 11.62 | F6 | 678 8.9 A2 
490 | 14.35} Gr | 78 5.36.| Gr | 690 10.25 A5 
503 | 13.58 | Gs_ || 04 11.88 | M3 753 10.99 Go 
507 | 4. 50°] Ga | FFA, |  F2v3RaI M3 si 741 10.77 K5 
Sin | 53-627) Fo || tat | 32.31 A7 || 744 10.60 7 
Sra. | meas | Ko || 137 10.98 Go || 707 12.14 Bs 
sre | “6106 G4 || 147 11.63 A7 || 787 12.14 F7 
Sr7 | 13:50 Fs |i 149 II .QI Ao | 876 | 8.7 F2 
518 13.30 | G5 239 12.48 Rar i eee 
sig | 13,30) | F7 | 250 11.98 F8 || 
§30: | 32.70)|| F5 25% | 3e5S4 G2 | Area 88 
544 | 13.02 4 255 | 12.66 G5 | 20%r0™, +15°10' 
551 13.70 8 260 II.72 B7 || l=24°, b=—12° 
5so | 22.70. G8 268 | 12.66 | F4 || 
553 | 12 82 Ko 290 | 8 3 \o l | : 
569 | 13.58 | G4 2gr | 12.84 | G3 17 | 9 88 G7 
S70 | 33 t0:| Go || 208 6.40 | G8 28 | 11.48 G7 
573 | 13-38) Gs ji gm | eg Ao || 49 | 12.34 K4 
574 | 12.82 | Fo || 316 | 13.19 AZ | 7 | ©9978 AS 
583 | 12.12] Kr || jar | 14.10] F7 || «17 | 9.63 Kr 
596 | 11.74 | Ko || 330 | 12.31 B8 || 166 | 12.56 Kr 
638 | 10.48} As |) 332 | 13.23 G3 || 318 | 9.32] A3 
644 | 10.59 | “7 || 336 | 12.84} Ga | 339 | 10.55 | K5 
648 | recs] A8 354 | 13.36 | F4 || 427 | 11-69 | F5 
661 | r>.so | Mie |} 395 10.72 | Ao ] 439 10.70 Go 
664 | 12.90 | Go | 404 | 10.73 | A5 | 460 | 12.12 Go 
665 13.30 | G4 || Aaa. | Baers | G5 ] 490 | 11.48 Fo 
676 | 8.8 | Oa | 430 | 10.47 | Fo || 513 II .o1 A8 
680 12.70 | G7 || 455 10.62 | F8 | 545 13.33 F6 
684 | 12.31 Gr || 466 | 12.92 | AZ | 536 8.16 Ao 
694 | 11.55 | Fr || 468* | 14.86 | K3 || 541 13.69 G8 
707 | Ons Gr |} 496 | 13.57 | Ko || 544 | 12.79 M4 
714 | 11.40] Go |} 500 | 12.31 \3 || 552 | 13.15 G5 
7iS: | 2228 G4 si] 506 | 12.14 F8 || 559 11.28 G6 
722 | 12.90 | ie aa | 512 | 11.30 Ao } 560 12.79 GI 
733 12.12| G3 || 514 | 10.61 G6 1 567 13.37 G2 
730 11.74 | G5 || 538 | 12 84 A7 || 568 11.69 G3 
742 | 11.14 | M4 | 539 | 13.65 Fo || 569 6.58 A6 
752 | 12.50 | G3 } 540 | 13.78 » ] 578 13.01 ro 
705 EE: 74 | ‘Oo |i 547 Q.OI 5 582 14.00 re 
| 551 | 13.03 | Go ] 595 12.56 G8 
| | 553 13.65 | Fo |} 507 | 13.46 K5 
| 589 | 12.84 | F2 | 598 13.78 Ko 


* Brighter than 14.86. 
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| | 
HA ror | | HA tor | | HA 101 | 
eS Ts Oe, ee: Fa eee ee Te 
| *. Ff Sp. | Sp. 
No Pg.m | No. Pg.m. No Pg.m | 
ee bs | ee an 
| 
Area 88—Cont. | Area 89—Cont. Area go—Cont. 

a a eo fe Ft 
619 | 11.48 K3 || 559 11.62 G6 159 13.92 G8 
625 | 10 27 A2 || O11 10.42 G2 174 £257 G5 
627 | 13.01 Gr || 614 13.19 Kr 180 11.54 GI 
658 | 11.69 I4 | 62: 12.45 G5 253 13.21 G2 
077 | °10247 | G8 || 657 10.30 A6 254 11.85 G7 
685 12.79 | G6 | 758 10.03 G3 | 257 II.40 Mr 
709 | #11 .69 G5 | 783 10.59 AI 259 II.40 K4 
768 | 10.69 K4 785 Bo ot K3 262 11.85 Fo 
792 | 10.32 F5 | 787 11.46 Go 267 12.Q!1 F6 
793 | 10.74 AO | 790 8.22 G1 268 14.08 7 
797 | 1 69 F2 || 802 12.45 G6 279 13.58 G2 
802 | 11.69 G8 |} 808 | 12.45 G8 || 281 12.19 G2 
825 | 12.56 G8 || 813 10.46 Fo || 284 11.40 K3 
842 | 11.69 M4 | 818 12.63 Fo | 287 12.02 Ko 
876 | 12.34 G4 | 826 12.81 K5 289 9.71 Ao 
880 10.76 Ko || 833 12.81 Ko 292 10.93 AS 
883 | 12.92 G6 |} 838 13.00 K2 345 ae Go 
885 13.24 | F2 | 842 13.58 G3 367 10.62 Fr 
889 10.89 | A2 || 854 13.27 K5 | 379 13.21 F8 
893 13.55| G8 || 859 11.78 Fr || 3096 12.91 Ko 
896 13.24 | F3 || 887 11.46 Fo _ || 397. | 9.12 Fo 
923 10.49 | Go || 986 12.28 K3 | | 
932 12.92 | Ko ! 1004 12.63 G4 Area o1 
936 12.56 Ko || 1015 13.21 G8 || aatie. +106! 
940 10.70 G6 |} 1022 13.19 Ko || 16," Mea aa 
043 12.79 Go |} 1024 12.81 Ks | ete. 

Q51 II.90 AZ ] 1030 12.45 K3 inex’ 
959 II.go Fg || 1036 12.63 G3 516 II.94 G3 
1000 12.56 “7 1 1037 BL227 Fy 549 9.60 G5 
1025 11.69 Ao || 1054 263 K3 635 11.83 G3 
1052 12.92 G3 | 1083 12.28 K3 644 13.75 F8 
1057 13.24 | IOQI 12.28 Ki 645 14.03 Gs 
1078 11.48 “7 | = 655 13.44 iI 
sor i Beet Mea Area 90 68 | ings | FS 
~ 4 I} 22;2™, +15°10’ i 4.53 : 
II4I 8.89 AI | 1=45° “stain 34° 684 12.64 F8 
1157 | 11.48 A3 || o? o 687 8.56 G8 
1200 | 8.88 Gs |, 783 i ee G1 
1205 52.43 G7 || 10 Tt.SA4 G4 786 11.00 F8 
1209 11.48 Ao || 17 12.49 Gs 792 11.55 Fo 
1214 10.88 Go | 38 10.83 Go 704 14.12 G2 
1291 II.go Go | 123 12.38 Go 705 Ez 33 F8 
129 8.43 F2 799 12.64 Go 
Area 89 | 131 10.93 Gg 819 T4527 F7 
21bg™, +15°r0' | 134 12.02 Gi | 826 14.53 G2 
= 33°, b= —23° | 138 12257 K4 832 12.06 Gr 
i I4I 11.48 Mo 836 14.80 G4 
325 10.45 Ao || 143 12.02 G7 841 13.66 Fo 
340 11.28 Go |} 151 13.44 Gi 842 14.63 16 















































SPECTRAL TYPES OF FAINT STARS 257 
TABLE Il—Continued 
HA 101 | | HA 101 HA 101 
eee ee eee Se M.W - ee M.W 
Sp. Sp. | Sp. 
No. Pg.m. No. Pg.m No Pg.m. 
— SS ee | eee en eee ae ee ee ee ee 
Area 93 
Area g1—Cont. thso™, +0°20' Area 94—Cont. 
l=123°, b=—58° | 
tT} 
> "1. 9d ae ee ee, ee ee 
846 11.68 | G8 224 10.60 | G6 | 236 | 11.28 Go 
862 | 12.64 | G3 226 12.04 | G6 || 238 | 13.91 F6 
864 | 13.80 | G3 227 11.94 | G4 || 242 | 11.62 A5 
866 | 13.80 G5 236 12.93 | Fo || 248 | 13.27 G3 
Ost | 12,08 | G1 241 9.38 | G3 SC 249 | 10.71 Fo 
973 15.03 | G5 244 EE. 26; Go|} 253 | 435.07 K3 
o82 | 14.74 | G2 | 312 11.88 | F7 | 256 | 12.47 G1 
984 | 14.48 G3 314 13.98 G4 || 260 | 12.47 G5 
986 | 13.80 | F8 317 11.20 F6 || 293 | 7.58 Ki 
oor | 14.53 | G4 321 13.78 Go 2906 | 12.47 F8 
999 | 11.82 | Fo | 326 9.55 A8 || 207 | 12.47 Gi 
1004 15.03 | GO | 332 9-53 | F4 300 | 12.16 Go 
IOIr | 13.40 | F3 333 12.11 G6 || 303 | 13.65 G6 
III5 12.83 | G6 338 a 55 Fo || 305 | 9.89 | Mo 
1136 10.86 | Fi 350 9.98 | F5 308 | 8.64 | Go 
1143 | 13.66] Ga 351 10.63 | F7 || 310 | 12.51 | G4 
148 | 13275 F7 305 11.56| Gr || 318 | 12.86 | F8 
1165 | 11.59 G1 405 | 11.87 F7 319 | 6.9 Fo 
1167 | 12.46 | Go 407, | 32.23 | K3 320 | 14.86 Fo 
1173 13.23 | Fo 410 13.64 G5 323 | 13.27 F8 
= ra28 415 12.93 F7 328 | 10.51 G4 
416 12.69 | G2 || 332 | 9.23 Fo 
417 11.96 | G4 || 333 | 9.39 Go 
; Area 92 419 12.93 | Fg || 342 9.43 G6 
o"50", +010 se 422 11.93 | F8 383 | 12.86 G2 
l=95°, b= —62 424 | 11.87 | G7 || 392 | I1.09 F7 
427. | 12.69 | Gs || 304 12.29 | Fo 
——— 429 | 12.18} G3 | 4oo | 12.29 | F8 
156 | 11.19] G6 431 | 13.31} G2 || 4o2 | 12.86 | F8 
176 | 11.16] G8 433 | 10.32 | G7 || 406 | 12.29 | F8 
233 13.82 | F7 503 | 12.13 | Fo | 412 | 11.65 | Ko 
235 | 12.83 F8 Sia | 13.37 | F8 | 417 | 12.58 | F5 
239 | 13.23 | Go 521 | 11.79 | G3 || 475 11.24 | G3 
242 1.24 | Ko 526 | 10.81 Go | ee 
300 | II. 73 | G5 eee ees et e ae Area 95 
303 | 13.23 | Go Area 94 || 3h50™, oO’ 
300 | 13 82 F7 ghsym. +0°10’ j= 157°, b= —37° 
309 | 13.74| Fo 1= 143°, b= —48° ee a 
296: | BEES | Fr | 
212 | 11.65 | K5 a ay ene ey | ae | tS | 2.42 G5 
313 14.22 | G3 76 | 10.60 G2 | IQ | 18.72 G2 
405 | 11.64 | I4 137 | 10.63 | K3 || 28 | 11.00 F8 
321 | 13.82 | G3 155 | 11.72] Go 43 | 10.78 F3 
322 |} 2:44 | F8 228 | 10.83 | A8 | 45 | I1.go G7 
383 12.24 | K2 229 12.47 G2 || 52 Q.21 F8 
387 | 12.44 | G5 231 | 13.48 | G2 1 QI | 10.13 Fo 
389 | 10.51 | F8 234 12.86 Fg || 96 9.57 A2 
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TABLE II—Continued 
HA 101 HA 1o1 | HA 101 
3 M.W. CE i | a i M.W. 
Sp. | Sp. | Sp. 
No. Pg.m. i] No Pg.m. No. Pg.m. 
Area 95—Cont. | Area 96—Cont. | Area 97——Cont. 
| 1 
ror | 12:62 | G4 || 449 | 12.36 | G4 || 270 | 13:07 G2 
roa | sacs | F4 || 452 | 11.80 Gs |i ont | 12.94 G6 
105 13305: ] GO | 541 11.42 Fo | 272 r3.47 | G5 
108 | 13.71 Fr 545 | 12.70 G7 || 284 | 11.46 | G7 
m6 | «71.83 Ig S40. | TDS5 | K3 | 288 | 11.22 G3 
117 | 13.06 G2 555 | 13.44| K3 |} 204 | 12.74 5 
118 | 13.06 8 559 13.14 | Ko |} 308 | 10.54 | 3 
164 £2).22° | Ko 560 | 13.14 | G8 || 31r | 10.68 Ao 
bk 12.84 | F6 563 | 13.44 | G4 | 319 | 11.96 G4 
174 12.84 G4 567 | 13.52; Gs || 327 | 122.45 FS 
176 12.18 Go | 592 12.29 | As || 3337 12.34 GI 
181 13.62 | F3 596 | 13.48 | Gs | 2A5n™ 13.30 A5 
187 13.06 F5 604 | 12.13] G5 | 346 9.94 F8 
190 12-20 | Ao 6o6. | 13:52 | F8 || 357 | 6206 Ao 
200 8.95 | FS 6ns: | tO.s7 | K2 || 3266 | zox67| G6 
260 12.84 F2 623 13.14 | RE 368 10.98 G4 
ne Sean: ee 727 £1.57 AGa 369 | 11.24] GO 
730 | 12.11 | F4 | ts een 
Aree 96 | 737 12.95 Ko 
4°40",00 | | 748 12.19 | Gs |i Area 98 
l=166°, b= —25 | 753 12.15 | G3 | 6647", — 0°10! 
————________—_- 764 9.62 | F2 | b= 281°, b= +-1° 
30 | 10.30 | Ao | iol 12.43 G3 ae ee 
51 | 10.84| Gq |} 793 si it —_ | 143 12.20 Ko 
so | ZL.EO | C3 See 101 2.37 F2 
180 | 9:92 | Kx — 185 | 10.67 | B8 
me me | - ‘ a Q/ 2Q r 
eke sham, o0 vl A 
| . I ° | 2 7 
232 | 12 77 | G6 || b=azg b= 39 = | is 36 ‘ 
“us | uel Zs iT i |} 247 | 12.55 Ao 
245 | 10.75 | Go || t42- | Diaz G2 || 265 | 10.70 | Ao 
a4s 1 arr | Go | ros. | 21.18 G1 ore | ENS B3 
252 | 12:05 | G3 || L790. | T2.54 G2 || 217 £2.03) | Bs 
376 | 12.00 | G4 || 18g | 10.81 | Ar | 220 | 91.05 K2 
382 | 9.33 | G8 192 | I1.12 Io 334 | 10.09 | B8 
393 | 10.09 | Gr 200 | 10.44 Fs || 265 | 21.60 Ao 
404 | 13.33 | G8 || 210 | 12.15 | Fo || 366 | 12.55 Bs 
405 | 18.73 | 5 225 | 10.29 F4 || 3098 | 10.40 | Ao 
406 | 9.26 | \6 230 9.55 Gi 402 | EP.60 | Bs 
B30 | 23233 4 Go | 245 | 23.35 F3 || 428 | 12.20 B2 
432 | 13.25 Ko |] 249 | 11.85 | 8 474 II .02 G8 
436 | 12.77 | FS || 252 | 11.66 | Go | 484 12.20 | B3 
438 | 13.52 | G4 257 6.64 Ao srs | §2:01 F4 
441 | 13.33} Ko || 259 13.82; G8 |} 517 | 12.37 G2 
444 | 12.95 | Gs | 261 | 13.35 | F7 518 | 12.37 8 


* Magniiude 11+. 
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TABLE IIl—Continued 








HA to1 | | HA 101 I} HA tor | 
| MAW. |} oa 614A M.W. | ; ; | Mw. 
SP. 1 SP. 1] SP 
No. Pg.m. | | No. Pg.m. No. Pg m. 
——— |} ————_—_—___ eee | ees ee ee 
Area g8—Cont. || Area 98—Cont. | Area 98—Cont. 
i] 
527 12: 73 F2 || $72 | + 1.48 F8 | 1369 | 11.62 F7 
540 | 12.37] Fq4 || 887 | 12.03] F7 1405 | 10.90) Ag 
551 13.21 Bz || 899 | 12.37 | A3 || 1444 | 12.20 | Bs 
562 12.37] F8 || 903 | 10.01} K3 || 1456 | 11.96] F5 
577 13.29 | Ao || = 932 | 12.55 | G4 || 1463 | 12.55 | Fo 
582 | 12.37 | B3 || 942 | 12.37] As 1475 | 12.73 | <A2 
600 | I1.07 | rg || 946 | 12.20 | A4 1496 13.20 A7 
6060 | IZ .26 B4 | 953 | 12.66 GS I501 | $237 | F6 
607 10.76 | B8_ || 973 | 12.66 | Bo 1505 | 10.96 Go 
611 52.73 F3 | 975 | 11.86 Fs 1513 | 11.86 | Al 
613 12.03 Ao || 978 | 10.99 | Go 1530 | 10.48 | Ao 
632 | 11.37 | Ao || 988 | 13.10 | F7 || 1534 | 10.38 F8 
641 | 12.20 Bs || 908 11.04 | Gog |} 1547 | 12.44 Fo 
643 11.04 A8 | 1006 | 12.91 | Bs || 1552 | 12.73 | Fo 
645 | 12.98 | F3 || 1007 £3.67 | Fo || 1567 | 12.37 | A3 
650 11.86 | Ao | 1029. | 12.55 | 8 1568 | 11.26 | Al 
653 | 9.38 | Bg || 1039 14.07 | A4 1582 | 12.55 Ks 
666 £2.55) | Bs 1044 | 13.95 | F2 1588 | 12.20 B4 
667 | 8.20] B8 || 1059 | 13.95 | Fo 1624 | 12.37] Bz 
670 12.91 | Go || 1063 | 13.87 | Fr 1635 | 12.03 | F8 
O71 13.99 | F3 || 1077 | 14.41 | AS 1656 | 11.12 | B3 
673 | 13-79 B3 || 1083 | 13.29] F3 =. ieee ma 
685 | 12.03 | F7 || 1089 | 13.40 B8 
688 12 ee B8 1003. | 13 Pa B8 ‘ Area 9 . 
6905 | a1 64 Go 1095 13.64 | 2 7 gl =e ‘ot 
696 | 12 03 | B8 | ‘neg6° | 22:20] K1 1=188°, b=+15 
709 | 13.48 | F8 || 1102 12.03 | Fo a 
712, | 11.86} Az |} a113 | 12.73] Bs | 19 It. 44 Ko 
724: | TELSOD] Bo ji wt7 | 129.37] B3 35 10.57 A8 
731 13.87 | Go || 1119 12.03 | Bs 2 II.97 G8 
733 12.80] G3 || 1120 | 11.86 B3 45 12.88 F6 
753 12.03 | Fo || 1124 | 13.48 | Ao | 54 55-33 G2 
758 13.10 | B2 || 1137 | 11.66 | B3 59 II 76 G3 
750 ey ee Bs | 1158 | 12.55 | B3 61 11.18 A3 
761 13.40 | Go || 1184 | 12.03 Bs 69 10.71 Ao 
763 12.03 | Ao || 1185 | 12.37 | Ao | go 10.37 Fo 
777, | ~11.60 | Bz || 1192 | 9.89 | Bo 122 £0.31 Fo 
780 | 10.48 | AG 1194. | 12.20 | Ao || 129 11.82 P4 
784 | 12.73 | B8 || sr210 | 12.37 | Ao 138 12.45 F2 
797 | 12.20) Bo | I212 | FE: 26) | BS | 143 12.45 G7 
808 | 12.37 Fo || 1216 | 10.63 | Bs 145 13 28 Pr 
810 | 11.29 | Ao | 1270 | 10.23 | Bs 146 | 13 08 F4 
815 | 12.73 | K8 || 1282 | 10.98 | K2 148 12.88 Ms 
834 | 13.33 | AS | 1307 | 10.88 B2 || 152 12.66 M6 
856 | 12.73 | Bo || +1346 | 9.49 | Ao | 155 | 11.92 | Al 
862 | 12.03 | Fo || 1353 | 11.06 As | 163 | 13-28 | F8 
864 | II.20 | G4 || 1367 | 10.21} M5 172 8.59 | A2 
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TABLE II—Continued 
HA tor | HA tor | HA tor 
i | eee ee M.W. 
Sp. Sp. Sp. 
No. Pg.m. | | No. Pg.m. | No. Pg.m. 
Area g9—Cont. Area 100—Cont. Area 1ro1—Cont. 
; 
183 | 12.66 | Fr || 207 9.06 Ko 311 8.08 AS 
184 | 13.44 | Fo 298 11.81 F4 315 sO G6 
185 | 9.14 | G7 | 301 12.86 F2 316 DEAF Go 
TOR. | «=3-E2°66"| G3 || 308 Iti Kr 324 10.31 K2 
194 | 12.79 | Fs 311 r2.57 Fo 329 II "94 Fo 
207 | 12.23| G2 |] 313 13.44 F4 333 8.88 K5 
208 | 11.98 | G7 | 322 8.91 F2 
258 | 11-31 | G6 320 11.81 F7 
266 | 1.11 | G8 |] 361 II. 22 F4 Area 102 
267 | 12.45| G6 || 370 II.70 Fs 1o's0™, —o°20’ 
272 | 12.88] M6 | 373 12.22 G3 l=221°, b=+52° 
281 | 12.88 | Fo || 379 13.57 F3 pean 
288 | 11.86] G8 || 382 13.50 Fo | 8 11.96 F7 
204 | 12.23 | Go || 385 £270 G2 || 39 12.04 | Fo 
207 | 13.60 | G7 | 388 11.78 F8 || 41 7.55 Fo 
309 | 12.45 F6 | 394 11.74 K5 134 12.08 G3 
311 | 12.45] Ga 396 11.38 7 137 12.66 Go 
ata. | 2x79 G2 {| 398 II.55 Gi 149 9.47 G2 
332 11.76 | F8 |} 399 13.24 F8 266 11.92 | Ma 
358 | 9.79 | Gr | 401 II . 39 Mo 271 12.40 G7 
362 | 11.29 | Ki | 404 12.38 Go 276 9.45 Co 
306 10.78 | Ao || 407 13.18 F4 201 oe Fo 
367 | 11.70} G8 | 413 11.41 F8 304 12.73 G8 
375 | 12.02 | Ar | 415 12.54 F6 306 12.69 G8 
378 | 12.88) Fo 501 12.54 F2 326 12.50 G4 
386 | 12.66 | Go || 502 13.02 F8 425 12.66 G1 
408 | 9.72 | rr 504* 9.85 F'8p 465 12.50 G3 
416 | 41.51 Gr |} 505 | 11.40 Gi 466 | 10.17 Gs 
ilecccmmmenmeniieei ac) Mites Go 472 9.06 G7 
Area 100 | 
8249", —o°10’ {| Area IOI Area 103 
1=196°, b=+28° 1 ghs2™, 0°o’ 11so™, ovo’ 
|| l= 206°, b=+41° | l= 244°, b= +60° 
| | 
153 | 12.06 | A7 || l l "ines 
157 | 12.22] G8 || 88 | 11.29 G6 25 12.14 G2 
162 10.11 | K4 | 95 | 10.46 G2 29 $210 Go 
199 [2.22 | F6 1 102 10.80 Go 32 12.92 G7 
241 | 9.79 | Ar || 169 | II .94 G7 38 10.84 Fo 
267 12.70 | A8 || 174 | 11.94 F8 42 II .93 G4 
269 | 12.22 | Fs ! 1 | 12.63 G7 44 12.41 F8 
272 | 12.06} Go || 237 | 11.94 Fs 47 12.62 F4 
274 | 13.28 | F2 || 257 | 13.30 Fs | 55 12.89 Go 
280 | 11.64 | Fs || 264 | 12.86 Fo || 121 12.90 Gs 
289 | 9.52| G8 || 266 | 12.63 G2 || 123 12.24 Go 
| | 





* Probably a composite spectrum. 
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TABLE II—Continued 
















































































HA 101 | HA 101 | 1} HA tor | 
M.W. Oe Es a ENE | M.W. 
Sp. Sp. || Sp. 
No. Pg.m. | No. Pg.m. | | No. Pg.m. 
Area 107 
Area 103—Cont. Area 105—Cont. 15"34™, 00’ 
= p= “ 
= i a J 334, b6=+40 
| | | | | | | 
135 | 9.10 G3 si] 135 ou 63 | G2 || 86 | 11.08 Go 
139 | 12.73] G3 144 13.30} G2 || 105 | 9.78} Gog 
146 | «rr. 76 | Ko 148 13.45 | G6 || 117. | 10.72 Ko 
147 | 12.58 | G4 155 12.36] G2 || arr | 10.88 G7 
225 11.56 | F7 224 11.38 ‘7 it 238 | 12.38 F4 
259 | 2 ey ad F3 227 EES h Fo || 347 | 10.12 Ko 
272 | 10.67 | Fo 228 Ea: E25 Ko || 348 13.66 G2 
aac | Eh. Es5! Ko 241 | 13.08 | Fo || 351 12.39 G2 
342 | 12.08 | G8 242 | 14.02 | F2 || 359 | 13.25 GI 
240, | F275: 1 F2 | 244 | 12.89 | Fo || 365 II.QI Ko 
347 | 13.67 Fo 248 | 13.45 | F7 || 378 11.46 G1 
3490 | 12.75 | 5 249 | 11.52 | Kr || 442 | 11.56) G7 
358 | 13.30 F6 251 | 13.68 | F4 || 452 11.56 G8 
462 | 9.96 | Go || 256 £2.45 | Fo || 458 12.52 Go 
S6z | ‘To:4s | F3 257 | 9-34 | Py 459 12.83 G3 
Jat oo: ig = eee ee 12.52 F7 
465 11.52 F8 
Area 104 | | 469 12.15 G1 
1238™, oo | 473 10.81 Go 
1= 268°, b= +63° Area 106 | 484 12.03 Ko 
— 14°37", a a | 585 IIl.24 Kr 
57 10.74 G8 | 1=320°, b=+51 | 595 7-74 Go 
65 11.64 G1 | 596 11.36 F7 
67 10.96 Go | | 602 12.22 4 
143 11.63 Go | —— | 609 II .34 3 
150 12.89 F4 | 411 9.48 | F6 || 619 12.18 F5 
163 12.93 Fg } 542 11.08 | F7 || 
a = - = 573 sh G6 I] Area 108 
‘ 3 10 575 10.56 | Ko || ae Os 
246 11.26 G7 68¢ 13.16 | F4 || 13a) oe 
254 10.85 F7 Ms : : ( Fs || 1= 343°, b=+28° 
54 : a. 3 13.16 Lg 
33! II.40 he) 700 EE%3 aa | | 
354 12.30 F8 702 11.08 Fo || 48 | 28.62 | G6 
308 11.28 G6 728 II.QI Fo || 45 | 12.84] Go 
401 9.78 | Go S4I 11.69 | Gr || 52 | 12.16 | G3 
—_——— — 858 13.34 Go || 70 | 13.13 | G6 
Raia slats 862 £3.53 F8 | 82 | 11.10 | F7 
“s rong oo. 803 10.77 | F8 118 | 13.63 | G3 
Lapin. i Monte 868 13.16 | F8 1 133 | 13.05 | Fs 
=295°, b= +60 869 | 12.46 G4 || 156 | 13.98 F3 
ae a oe 874 | 12.08 G7 162 | 13.63 G8 
28 8.88 | G5 887 | 12.98 ae OH 170 10.22 F3 
30 11.46 F7 | 892 12.98 G4 || 192 13.08 Fo 
5! 10.36 | K3 | go2 | 12.06} G5 || 333 | 10.71 Kr 
56 9.84 | G6 | 1042 | II.QI Go || 337 | 13-49 Go 
118 13: 74 | F2 |} 1068 13.34 G2 || 358 | 12.27 Go 
131 11.97 | F7 || 1070 | 13.16 FS || 404 | 11.75 | F7 
| 
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HA 101 | | HA ror | HA tor 
. ene 1 a eas MW. 
| Sp. Sp. | Sp. 
No. Pg.m. | | No. Pg.m. || No. Pg.m. 
| | Raat, eee, Fee 
|| 
| | 
Area 108—Cont. Area 109—Cont. } Area 110—Cont. 
aS 
400 | 14.31 | G5 385 | 12.66 | K3 | 363 | 14.12 8 
4360 | 14.48 | G8 3905 | 11.64 | Go | 376 | 14.42 F2 
444 | 14.48] Gs |} 403 | 13.38| Gs || 389 | 12.20 A3 
468 11.82 | Fo || 443 | 13-44 | I'6 | 203 | BE 22 | Fs5 
475 IT .Q2 | Ko || 449 13.10 | GO | 423 12.04 | Ao 
502 12.74 | G3COSS; 466 | 13.81 | Fo | 420 i252 | F6 
509 13.33 G2 || 470 | 13.44 | Fo || 435 13.07 | I'g 
512 11.18 G8 | 490 | 13.38 | F8 || 441 11.40 | I'4 
551 10.51 A2 || 493 | 13.44 | G2 | 447 reso) | F2 
702 8.40 G2 | 498 | 13.09 | G4 | 450 LEs97 || Al 
711 13.97 G8 || sor | 13.20] G3 || 489 13.22] <A8 
719 £3.22 G4 || 510 | 12.88 | F6 | 405 O-8 | AI 
727 F322 F7 | cro | 2220 | G4 | 496 | 14.12 | Al 
734 13.13{ G3 || 519 | 13.10 } G3 || 409 | 11.77] B7 
744 | 13.22| Kr |) 537 | 10.73] A8 || $02 | 13.97] 8 
740 14.87 | G2 | 567 12 81 | G7 | 503 | 11.67 | Ao 
754 14.31 | Go _ || 779 | 32.0% | G2 || 506 | 11.40 | Io 
766 5.17} G7 || 724 | 12-04] Gg || 507 | 13.07] A3 
771 14.13 | G7 i 7A0. | £3503 F8 | 516 | 13.07 | Ko 
772 14.82 | G3 SC 747 | 8.31 Ar | Sar | Er.32 | Ao 
. | 4 , | | | . 
784 13.44 | Fo | 784 | 13.44 | Kr || 525 | 13.22 G6 
795 | 13-76} Gr || 807 | 13.15} Ko |/ 529 | tt-70 | G2 
806 | 11.49 | Fo |} 1o2q | 12.81 | 7 || a 7 
$27 | 0707 | K3 || 1047 | 11.98} G2 || eye 
870 | 12.38 | Ko |} 1054 | 12.56 | F7 | Pris ee, 
2 | . a < . zs . 1] 19°33™, +o 10 
B72 | 12.07 | G7 || 1060 | 12.51 | F4 || si a aah ° 
, || 2 | +9 =6, b=—11 
104t | 13.13 G3 || ro8r | 12.69 | F8 || 
1001 11.96 Ko | 1082 | 9.30 | Fo 
1123 | 10.58 | r8 || 1092 | 12.79 | M4 55 10.92 K3 
a een) EET ol) ieee | Go 148 12.36 K3 
Area 109 ene ee = 150 | 13.20 G2 
oh n on’ | 282 12.77 
17540", —o 10 | Area 110 582 ni G 
[= 252°, b= +14° | 18h37m, 0°’ O35 
wer ae bm +s° 320 | 11.04 F3 
‘ l | . 669 | 11.80 K1 
or | SE Sl Ao || l ee | 710 | 11.93 | GI 
84 11.01 | F8 || 248 | 11.00 | Ao 717 9.45 | A6 
102 | 12.61 | A7 || 266 | 12.58 | A5 733 9-45 | A2 
162 | 13-44 | Go | 268 | 11.13 | Ag | 773 | 8.65 \o 
197 | I1.19 | G8 | gay |) ZEOTL | Ag || 775 |} ©2203 G3 
199 12.00 | K2 || 290 | 11.88 | F8 || 787 12.84 | G7 
231 10.35 | K2 || 319 | 12.70 G7 | 833 12.84 Fs5 
240 10.33 | Ps | 6gge | (88.4 | Fo || 851 13.06 K4 
243 11.96 | Fs ij] $53 | 30-02 cs ll 6856. | aacso G8 
255 11.74 | G2 || 355 12.53 | Fo || 881 | 12.84 | F8 
375 | 12.04| F4 || 359 | 13-07] Fz || 8or | 13.52 Fr 
381 £2.56 Fr || 361 | 12.30 | FS | 895 | 12.60 | Ko 
| | | 
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TABLE Il—Continued 


HA 101 |} HA 101 | HA 101 
M.W. oes M.W. _ faster > 


No. Pg.m. | No. Pg.m. | | No. Pg.m. 


Area 113 

Area 112—Cont. | 21537™, oo’ 

l= 24°, b= —38° 
3 


Area 111——Cont. 


| 





O13 10.57 G3 || 810 | 11.5! Kr 156 | E45 | G4 
935 12.84 Gs || 822 | 12.15| K3 || 233 | 12.23 | F7 
960 11.39 G4 | 871 | 11.32 | M1 259 | 12.23| Ks5 
1250 11.80 Kr | 882 | 11.81 | G2 | 260 | 12.68 | Fo 
1285 12.61 F2 | g14 | 10.28 | Go 267 | 8.50 | G1 
2rn | 14.20 Ko || 1114 | 12.12 | K4 || 269 | 10.22 K2 
1334 | 12.16 K2 || 1152 | 11-81 | G7 274 | 8.76 | F5 
£337 «|| 53250 Gi || ‘Ex67 | 32:93] G8 | 276 | 9.22 | F7 
1342 10.45 Ec || TEI | 12.34 | GI 339 | 12.04 | GI 
1382 12.84 .5 || 1210 13.46 | G2 || 342 | I1.04 | Ko 
1432 13.50 F4 || 1212 12.38 | Fg || 372 | 14.14 F6 
1400 | 12.84 Kr || 1214 12.15 | A8 382 | 13.28 | Fs 
1470 11.94 K4 || 1221 | 13.27 GO 389 |: 13.66 F5 
1481 13.06 | a ] 1237 | 13.66 Fo || 3905 | 12.88 F8 
1486 | 12.84 Ka |) toga | -O:a? | F2 | 399 | 12.00 K1 
1496 | 6.97 A7 || 1253 | 11-54 Fo 408 | 11.09 K2 
1835 | 10.70 A7 || 1258 | 8.30 Ag 453 | 10.24 G8 
1851 | 12.61 Fo || 1273 | 12.81 Ko || 459 | 12.00 | G2 
1876 II.30 Gs || 1279 | 14-05 | G7 || 466 | 9.7 | Fs 
19625 | 12.30 Ao \ 1333 | 10.15 | GI | 475 | 10.72 | Kir 
1953 | 13-29 G6 || 1356 12.81 | F8 481 | 12.00| Kr 
1965 | 12.30 G8 || 1370 8.46 | A3 488 | 10.44 | Fo 
1969 | 11.24 | Ma || 1378 12.81 Ko 492 | 12.00 Go 
1984 | 13.06 G8 || 1619 12.66 | G5 493 12.00 G6 
2009 10.52 Go || 1660 13.07 | G5 494 | 13.06 | F4 
2036 12.30 F8 || 1665 12.40 | Fo 495 | 13.08 | G2 
2039 11.79 Ko || 1696 12.80 | F5 498 | 13-47 | G3 
2135 iE.23 K4 || 1705 | 12.80 | Go ; fi Paes 4d, a 
|} 1713 | 13-27 | Gs | ron 
Area 112 icin. 12.60| G6 | ain 410! 
20437", +o°10' Bsa 4:54 | a7 || l= 3° b=—49° 
|= 15°, b= —25° \| 1725 13 66 } G4 | 3° » 49 

: : | 1736 13.85 | Fe. oe = 

l ‘ || 1746 12.81 | Go | 73 9.30} K3 
223 | 11.49 | F&8 || 1771 | 13.46 | G1 || 527 II.QI | K3 
233 | 12.04 | Fo || 1776 | 13.07 | F7 531 12.09 | G6 
275 | 10.93 | Mo jj 1778 12.88 | G7 || 534 | 13-05 | G4 
636 | 9.85| G4 || 1794 | 12.80 | Gq || 537 | 11-19 | Kz 
640 | 10.75 | G1 1802 | 12.81 | Go || 548 | 12.40 K4 
654 | 10.52 | 3 || 1805 | 11.39 | Mo 625 | 12.58 | G5 
680 | 12.77 | G8 || 1872 | 11.16 | Gog 635 13.30 | G4 
7o4 | 12.47 | Kir || 2140 | 11.64 | G4 || 637 | 12.36 | G4 
792 | TESS) | AS || 2155 | 11.42 Go | 640 | 14.15 | G3 
738 | 12.81 | Ko 2207 42:35 Ko 646 | 14.32 | Fo 
755 | £2.29 | G3 || 2288 | 25. 0o Go || 651 | 10.37 | “7 
769 | 12.59 | GI | 22906 | 10.11 | Fo | 654 12.15 | F8 
805 | 11.88 | Ar || 2325 11.48 | Kr | 656 | 12.82 | G5 
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HA 101 | HA 101 HA 101 | 
| M.W. || = M.W. — _ | MW. 
Sp. | | Sp. | SP. 
No. Pg.m | No. Pg.m. | No. Pg.m. | 
| Area 115 
Area 114—Cont. i] 23538™, +0°20’ Area 115—Cont. 
| 1=60°, b= —58° 
658 | 13.66 | GO | 357 II .19 G3 CO 522 12.69 G4 
668 | 12.72 | G5 | 306 £2.43 Go || 523 ET..07 Go 
670 | 11.82 | K4 || 430 10.93 G4 || 525 12.86 G2 
720 | 8.36 | Gs || 440 11: §2 Gs | 526 12.18 G4 
742 | 23205 | G3 || 44! 12.69 Fo | 532 12.55 G3 
745 | 13.20] FS || 451 | 12.01 FS | 533 12.69 G2 
750 | 11.82 | Ao || 450 12.69 Go | 
752 | 13.20 G8 || 461 12.67 Go 
754 | 12.78 | G2 || 469 Il.79 G1 | 
755 | | GI | 516 II.00 | G6 


11.39 

The material contained in Table II is shown in the frequency 
diagrams of Figures 4, 5, 6, and 7. The unsmoothed curves repre- 
sent the actual numbers of stars observed in each spectral subclass. 
The smoothed curves, which were obtained by forming overlapping 
means of three values, probably more nearly represent the true 
frequencies. 

Table III is a summary of the material contained in Table II, 
arranged according to galactic latitude. The limiting photographic 
magnitude at the center of the plate, given in the sixth column, was 
obtained by taking the mean magnitude of the five faintest stars 
observed in each Area. The limit for the edge of the field may be 
obtained by subtracting 1.2 from these magnitudes. 

The spectral divisions used in Table III are identical with those 
of the frequency diagrams for different intervals of photographic 
magnitude and galactic latitude shown in Figures 8, 9, 10, and 11, 
and include spectral classes as follows: 


Division Classes 
By Laesitae Be, 2% 38.856 
Pacis craw: B7, 8, 9; Ao, 1, 2, 3 
Peer Te ee ee ae oe 
Ries. octane F4, 5, 6, 7, 8, 9; Go, 1, 2, 3, 4 
| tere Gs, 6, 7,8, 9; Re, 1, 2; 3,4 


1}, | Sone eee ae Ks; Mo, 1, 2, 3, 4, 5, 6. 


24 
40 
87 
IIo 
IQ 


64 
74 
98 
8 
49 


9 
18 


86 


4o 


109 
99 
20 
21 


43 


20 
38 


17 


47 
66 


51 
62 
89 
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Harvard Annals 101 


Area Adopted Cent 
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Harvard Annals 101 
Area Adopted Center (1900) = / 
72,| 4>10o™ +15°10'| 146° 
96 4 48 © oO. 166 
112 | 20 37 |-- © IO 15 
II 7 9) 60 :0°| 129 
46 2:29: 17-30: 20° |. 177 
76 | 815 |+FI§ ©} 177 
Ss | 17 3e° FrTs.-o 4 
I S oOo I+80 oO gI 
37 | 17 40 |7-45 © | 30 
G7 | 23 1 [4230 To.) 6s 
100 8 49 |— © 10} 196 
ros. | 10-32 |= oO-to | 343 
27 738 +44 50 141 
4| 8 4 |+74 50 | 107 
44 © 24 |+30 IO 85 
45 r 26 |-+-30 I0 | 101 
16 | 17 29 |+59 50 56 
61 16 59 | +30 o 19 
71 g45 frig © | 438 
90 | 22 12 |-+15 I0 45 
52 $ 26 |+30 o | 161 
6 1614 +74 50) 75 
95 3 50 Oo 0} 157 
rs (2s 27 oO 24 
28 8 40 [+45 © | 143 
36 | 16 46 |+45 20} 38 
77: | 9 10 |+14 30 | 183 
Sa 420-12 jas oO: | 357 
107 15 34 Oo 0} 334 
12 9 3 Ii50 40 | 123 
IOI 9 52 © Oo. 206 
5 13228 F750} oI 
70 246: [4-25 0 | F21 
OL (:23-%3' [-F1s <-o 61 
53 925 +30 0 164 
60 15 56 +29 50 15 
68 Off (45S 20 79 
69 Pas [15 a0 |-to2 
I5 1517 +59 50 62 
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TABLE IlI]—Continued 
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These divisions were made to conform as nearly as possible to the 
divisions used by Shapley.! The marginal numbers in the figures 
represent the numbers of stars in each division expressed as a per- 
centage of the total number in the group. 

Figure 4 shows the distribution of spectral classes for all the stars 
observed. The most striking feature of the diagram is the maximum 
at F7—Gs5 and the relatively small number of stars in class K. Shap- 
ley has already called attention to the fact that for the stars in the 
Henry Draper Catalogue the relative number of G stars (F5, F8, Go) 
increases with decreasing brightness.? The present investigation 
shows that class G continues to increase in frequency with decreas- 
ing brightness (11.0-13.5) and becomes far more numerous than 
class K, especially in high galactic latitudes. 


1 Harvard Circular, No. 226, 1921. 2 Thid. 
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Figures 5, 6, and 7 show the relative frequencies in three zones of 
galactic latitude having limits such that each zone contains approxi- 
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Fic. 4.—Spectral types of 4058 stars observed in Areas 1-115 of Kapteyn’s syste- 
matic plan. 
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Fic. 6.—Spectral types of 1401 stars in galactic latitudes 12° to 30° 


mately the same number of stars. At galactic latitude o°-12° (Fig. 5), 
relatively high frequencies occur in classes G and A. As will be 
seen later in Figure 8, the large majority of stars that contribute to 
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the high frequency of type Ao are brighter than photographic magni- 
tude 9.5. Class F stars are more numerous than in high latitudes, 








| 
| 
| A 
100 + #—++ 
| }\ \ rn 
5° 
°o 











Ao Fo Go Ko Mo M5 


Fic. 7.—Spectral types of 1337 stars in galactic latitudes 30° to 90° 
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Fic. 8.—Percentage number of stars in each spectral division for different intervals 
of photographic magnitude. 
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and practically all the B-type stars observed appear in this zone. 
At 12°-30° (Fig. 6) the number of early-type stars is considerably 
less, and a well-defined maximum extends from F7 to Gs. Class B 


—_ 
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Fic. 9.—Percentage number of stars in each spectral division for different intervals 


of photographic magnitude. 


constitutes less than 1 per cent of the total number of stars ob- 
served in these latitudes. Figure 7 represents the frequencies of 
spectral types between latitudes 30° and go’. Class G has become 
strikingly prominent in these high latitudes. No B stars have been 
observed, and a very low frequency is shown for class A. 
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While the numbers of stars in each magnitude interval in Figures 
8, 9, and 1o are small, the frequencies as represented are thought to 
be approximately correct. For instance, the decrease in the numbers 
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FIG. 10.—Percentage number of stars in each spectral division for different intervals 
of photographic magnitude. 


in divisions B and A as the higher galactic latitudes are reached is 
approximately what would be expected. A large percentage of the 
A-type stars observed in low galactic latitudes (Fig. 8) are brighter 
than photographic magnitude 9.5. Fainter than this limit the per- 
centages of B and A stars remain nearly constant for all magnitude 
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No 
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intervals. The only exception is the low frequency for division A 
among the faintest stars observed, which, as previously mentioned, 
may be partly due to a selection favoring the later types. In lati- 
tudes 12°-30° (Fig. 9), divisions A and F decrease as the stars 
become fainter. The G stars become more numerous, but the num- 
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Fic. 11.—Percentage number of stars in each spectral division for different intervals 


of photographic magnitude. 


ber of K stars observed remains approximately the same with de- 
creasing brightness. In high galactic latitudes, 30°-go0° (Fig. 10), 
class F decreases with increasing magnitude, while a decided in- 
crease is shown for class G. If the percentages observed in high 
latitudes are approximately correct, the spectra of 68 per cent of 
the stars of photographic magnitude 12.5+ fallin division G. Figure 
11 is derived from the material contained in Table IV, which gives 
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the percentage of the total number of stars in each spectral division 
for successive magnitude intervals and for all magnitudes. 
The frequency diagrams in Figure 12 summarize the results for 
stars of all magnitudes in different galactic latitudes. 
TABLE IV 
FREQUENCY OF SPECTRAL DIVISIONS FOR SUCCESSIVE MAGNITUDE INTERVALS 
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Fic. 12.—Percentages in each spectral division for stars of all magnitudes in different 
galactic latitudes. 


The left half of Figure 13 shows for all latitudes together the rela- 
tive frequencies of the various spectral divisions among stars brighter 
than a mean limiting photographic magnitude of 13.3 observed in the 
Selected Areas. The right half of Figure 13 is a reproduction of a 
similar diagram’ given by Shapley for the stars brighter than visual 
magnitude 8.75 contained in the Henry Draper Catalogue. 

The observations indicate that with decreasing brightness below 


' Thid., Fig. 9. 
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photographic magnitude 11.0 the relative frequency of class G 
stars in all latitudes (Fig. 11) becomes greater, while class K remains 
approximately the same. At high galactic latitudes the increase in 
class G is more pronounced, and class K appears to decrease slightly 
(Fig. 10). The indications are that most of the G-type stars ob- 
served are dwarfs or faint giants at distances of the order of 500 
parsecs or less. The large majority of stars in class K are probably 
giants or faint giants at distances of about 1500 parsecs, although 
a number of K dwarfs doubtless occur among the faintest stars ob- 
served. If the observations could be extended to still fainter magni- 
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Fic. 13.—Percentages in each spectral division of all stars observed in the Selected 
Areas (M.W.) and of stars in the Henry Draper Catalogue brighter than visual magni- 
tude 8.75 (H.D.). 
tudes (14), K dwarfs should begin to contribute toward a higher rela- 
tive frequency for this class. The extremely few faint B-type stars 
found in low galactic latitudes are probably at distances of about 
3000 parsecs and are the most distant stars observed. The total 
number of class B stars observed in all Areas is 102. Of this number 
44 per cent have been found in Area 98 at R.A. 647™o0, Dec. —0° 10’ 
(1900). Apparently this region contains a real concentration of faint 
B stars, which represents the only outstanding departure from a uni- 
form distribution of type. 


Acknowledgments are due to Mr. Edwin Hubble and Mr. Nicholas 
U. Mayall, both of whom gave time assigned them with the 60-inch 
reflector to take plates of certain Areas in the winter sky which the 
writer had been unable to obtain. Plates of eleven Areas were taken 
by Mayall and four by Hubble. 
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MINOR CONTRIBUTIONS AND NOTES 


FOUR EARLY TYPE STARS HAVING 
VARIABLE ABSORPTION LINES 
ABSTRACT 

The four A-type stars « Cassiopeiae, 17 Comae, 21 Comae, and 21 Aquilae have lines 
in their spectra which vary in intensity. 

From an examination of Yerkes one-prism spectrograms I have 
found four stars of spectral types B and A whose spectra contain 
variable absorption lines. The principal data for the stars are given 
in Table I. 





TABLE I 
= = scans al = —<—<————— — 
Star a | 6 (HD) | Mag. Variable Lines 
ee See : Se eae a ee ae re 
c Cassiopeiae . . . 2:21 |+66°57’| Asp | 4.6 | Few-Ti 1 4540, Cr 1 4558 
17 COMmaAGs 6-5 12: 24 26 28 Aop 5.4 | Cr It 4558, Sr Il 4215 
ar Comae........ 12: 26 2507 A3p 5.4 | Srit 4215 
21 Aquilae..... 19:09 |+ 207 | B8 | ey | Het 4471, Het 4121 
| 








t Cassiopeiae.—The variation in intensity is rapid. On two 
plates taken June 12 and 13, 1932, the lines \ 4549 and A 4558 had 
changed together from maximum to minimum intensity, but the 
two lines are at times quite different from each other. On June 7, 
1932, \ 4549 was strong while \ 4558 was at minimum. The spec- 
trum was classed as peculiar by the Henry Draper Catalogue because 
of the great intensity of Sr 1. The star belongs to the peculiar group 
of A-type stars in which the lines of Cr 1 are very strong. 

17 Comae.—This star also belongs to the “chromium” group. 
Cr 11 4558 varies from an intensity decidedly greater than \ 4549 
to approximate equality with \ 4555. The line Sr 11 4215 varies 
even more in intensity than does Cr 11 4558. The star is considered 
peculiar in the Henry Draper Catalogue because of the strength of 
the Sz 1 doublet \ 4128 and \ 4131. The doublet is very faint and 
the violet component seriously blended on Yerkes plates. 
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21 Comae.—The line Sr 11 4215 is about equal in intensity at 
minimum to \ 4198 and \ 4481. At maximum intensity it is far 
greater than these lines and is much stronger than any other line 
in the spectrum with the exception of the Balmer series and the 
other member of the ultimate Sr 11 doublet at \ 4077. The last- 
named line is also probably variable, but the plates are weak in this 
region and it is not possible to decide with certainty. 

21 Aquilae.—The Het lines \ 4471 and \ 4121 are variable in 
intensity. It is possible that other lines as well vary. On one plate 
the diffuse triplet lines He1 4026 and 4471 are very diffuse and 
broad. The sharp triplet line He 1 4121 is quite narrow and well de- 
fined on this plate. It is probable that certain of the helium lines 
vary in appearance, as well as in intensity. 

Series of spectrograms are now being obtained for complete dis- 
cussions of the behavior of the variable lines. 

The first two stars on the list belong to the same class of spectrum 
variables as do the “chromium” stars, B.D. — 18°3789' and 6 Aurigae’. 
The type of variation is, however, not identical in any two of the 


four stars. 
W. W. Morcan 
YERKES OBSERVATORY 
WILLIAMS Bay, WIs. 
June 14, 1932 
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